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Abstract 
Climate change science is complex and controversial in nature, yet seen by educators and 
policy makers as an important topic to be taught within secondary science education; this is 
becoming increasingly evident with the inclusion of climate change into the Next Generation 
Science Standards (NGSS) for Earth and Space Sciences as well as Life Science courses (NGSS, 
2013). An overwhelming amount of information is available to students; however, it is often 
misrepresented, politically inflated and falsified, and littered with misconceptions (Dawson & 
Carson, 2014; Gayford, 2002). It is critical to engage students in discourse that challenges them 
ethically in order for students to become more informed citizens, be able to develop skill 
necessary to take part in democratic discourse, and cultivate resolution (Gore, 1999; Lockwood 
& Harris, 1985; Reitano, Kivunja, & Porter, 2008)  
Teacher’s personal beliefs about the instruction of climate change within science 
education are unclear (Gayford, 2002). The presence of controversy can influence teachers’ 
instructional decisions and cause confusion about the science of climate change and many 
teachers may fear objection from community members (Maibach, Roser-Renouf, & Leiserowitz, 
2008). Therefore, we must consider the role of teachers’ beliefs when examining their classroom 
instruction (Kagan, 1992; Nespor, 1987). 
This research study examines the complex nature of science teacher beliefs about climate 
change, their instructional practice in the marine science classroom, and the impacts on student 
outcomes. The study takes place within four marine science classrooms over the course of one 
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semester. The teachers taking part in the study and their respective students are representative 
participants of the greater school district.     
The purpose of this study was to better understand teachers’ understandings and beliefs 
about climate change, and how individuals feel their beliefs impact instructional practices. 
Teacher and student data were collected from classroom observations, surveys, interviews, and a 
comprehensive midterm exam of the content. The qualitative and quantitative data collected 
were analyzed and compared through a fully mixed methods approach by which the findings of 
both types of data were compared and contrasted to triangulate findings. 
Findings from the study suggest teachers have strong beliefs about the causes and 
implications of climate change, they have high levels of concern for the impacts it will have on 
future generations, and value the topic as a necessary component of science education. However, 
this study revealed the controversial nature of the topic, current political climate, and potential 
resistance from stakeholders inhibited teachers from espousing these beliefs within their 
instruction of the curriculum. This resulted in teacher beliefs having essentially no impacts on 
their classroom instruction or resulting student outcomes.
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Chapter 1: Introduction 
My dissertation research study examined the nature of science teacher beliefs about 
climate change, their instructional practice in the marine science classroom, and the impacts on 
student understanding of climate change science and further willingness to take action to 
mitigate the effects of climate change.  
I completed a thorough review of the literature concerning the nature of teacher beliefs. 
Further literature has been reviewed regarding beliefs and impacts on instructional practices. 
Lastly, beliefs and understandings as it is related to complex science issues, such as climate 
change, have been examined to understand how personal beliefs impact instructional practice. 
The review of the existing literature on teacher beliefs and instructional outcomes helped guide 
the study’s research focus, which aims to better understand the complex relationship that among 
between a teachers’ belief system, instructional practice, and if, or how, those factors impact 
student outcomes.   
The study took place in four marine science classrooms in a large metropolitan school 
district within the Southeastern United States. The teachers selected to participate in the study 
were chosen based on the results of the teacher survey administered at the preplanning workshop 
before the beginning of the 2016-2017 school year. The participants are representative of the 
district teacher population and exhibit varying degrees of understanding and beliefs about 
climate change, concern for climate change, and willingness to take mitigative action.   
Within the four teachers’ classrooms I observed the instruction of four key introductory 
lessons taught within the first semester, including an introduction to climate change and the 
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greenhouse effect, understanding mean sea level rise through tidal gauges, discovery of past sea 
level through examination of local sediment samples, and modeling the phenomena of thermal 
expansion to predict future sea level. Classroom observations helped measure the 
implementation of instruction of the intended curriculum and the impacts on student 
understanding of climate change.  
Classroom observation data were supplemented with teacher interview data to better 
understand how individuals perceive their personal beliefs about climate change impact their 
instructional practices.  Student data were collected in the form of surveys about climate change 
and the midterm exam that test the students’ content knowledge of the major concepts of the 
lessons. The qualitative and quantitative data collected throughout the study was analyzed and 
compared through a fully mixed methods approach by which the findings of both types of data 
were compared.  
Background of the Study 
Climate change is seen by educators and policy makers alike as an important concept to 
teach within secondary level science. This is becoming increasingly evident with the inclusion of 
climate change content into the Next Generation Science Standards (NGSS) for secondary 
science courses, including Earth and Space Science and Life Science (NGSS, 2013). In addition, 
it is becoming increasingly important for young people to become informed about climate 
change as the issue is regularly discussed among individuals in the public, members of the 
media, and within schools. However, climate change is often misrepresented among politicians, 
policy institutes, and television or radio commentators as a highly controversial and debatable 
issue. They challenge whether climate change is real and the authenticity of anthropogenically 
induced climate change (McCright & Dunlap, 2011). Evidence of this sentiment is reflected in 
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the science classroom is supported in self-reported data, which shows that 30% of teachers who 
report including climate change in their curriculum state the warming of the globe is likely 
caused by natural factors (Plutzer et al., 2016). Nearly one third of the U.S. general public thinks 
that scientist disagree on the topic of climate change and one half believe that humans are the 
predominant cause (Curry, Ansolabehere, & Herzog, 2007; Plutzer et al., 2016). However, 
agreement among over 97% of scientists worldwide suggests that the globe is warming at an 
alarming rate, and that humans are largely to blame (IPCC, 2013). The ambiguous nature by 
which the media is presenting climate change further emphasizes the importance of addressing 
student misconceptions about this issue in the science classroom.  
What is Climate Change? 
Earth’s climate is rapidly changing as the concentration of atmospheric greenhouse gases 
increase. These heat-trapping gases raise global temperatures. The World Bank (2012) reports 
the concentration of carbon dioxide in our atmosphere is higher now than in the past 15 million 
years. The last decade was the warmest on record and average temperatures have continued to 
rise (UCAR, 2015). The Intergovernmental Panel on Climate Change (IPCC) (2013) reported 
that the last three decades have been the warmest on record, the oceans have continued to warm, 
and extreme weather events were more frequent, causing wet climates to receive more rain, and 
dry climates to experience more droughts. In addition, the sea level is rising and ocean waters are 
simultaneously becoming more acidic as they absorb the excess carbon dioxide from the 
atmosphere. For the purpose of the study and the lessons observed within the climate change 
curriculum, the two areas of focus will be on the impacts of sea level rise and impacts on the 
built and natural world.  
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Sea Level Rise 
Jollands, Bernier, and Golubiewski (2007) argue the greatest impact climate change will 
have on the built environments is the increased likelihood of extreme weather events in coastal 
cities.  However, sea level rise is impacting coastlines beyond catastrophic extreme weather 
events, which is causing the potential for enormous environmental and economic issues. Some 
examples of this are the occurrences of “nuisance flooding” caused by higher tides that affect 
roads and drainage systems. This type of flooding has increased between 300 and 900 percent in 
the last fifty years (Sweet & Marra, 2014). With more than 100 million Americans living within 
the areas directly affected by climate change and coastal flooding, including citizens from Maine 
to Texas, California to Alaska, and beyond, the impact is being seen environmentally and 
economically around the USA. Environmental impacts such as the disruption of beaches and 
natural coastal habitats, and economic impacts could cost more than $3.4 trillion in wages due to 
the 66 million jobs at stake in the impacted areas. The implications are particularly important for 
Floridians because their major industry, tourism, brings in more than $72 billion annually. 
Income revenue and natural coastal environments are especially important issues to Florida 
students as they are not only current residents of the area, but potentially future landowners and 
stakeholders within the community. Students in Florida need to be prepared to make decisions 
about the future of Florida coasts and infrastructure (Cason & Zimmer, 2015). 
Ocean Acidification 
As previously stated, the planet’s oceans are absorbing more carbon dioxide from the 
atmosphere as increased carbon sources continue to emit higher rates of carbon dioxide into the 
atmosphere. This absorption leads to increased ocean acidification, which can have detrimental 
effects on marine life. When carbon dioxide dissolves into the oceans, carbonic acid is formed. 
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This leads to higher acidity, mainly near the surface, which has been proven to inhibit shell 
growth in marine animals and is suspected as a cause of reproductive disorders in some species 
of fish (Orr et al., 2005).  
The Intergovernmental Panel on Climate Change (IPCC) states with certainty that human 
activity and emissions are largely to blame for increased global temperatures. Future predictions 
and scenarios of the effects of climate change suggest it will negatively impact the built and 
natural environments at the local and global scale. Furthermore, the only way to limit the effects 
is to reduce carbon emissions, requiring large-scale policy changes, which will promote small-
scale personal change within society.  
Leading scientists recognize climate change as the “biggest problem civilization has had 
to face in over 5,000 years” (Brown, 2004). Climate change not only negatively impacts our 
environment but our economies and societies as well (IPCC, 2007). In the United States, many 
consider climate change to be a significant threat globally, but do not feel threatened personally 
(Leiserowitz, 2005). Students, as the members of society whose lifestyles will likely be most 
affected by climate change, will be asked to weigh in on future discussions and policies 
regarding this issue. Therefore, today’s students need a clear understanding of climate change, 
how it affects the Earth, and a more comprehensive understanding of the science behind climate 
change (NGSS, 2013).  
Difficulty in Teaching Climate Change Science 
 Due to the complexity of climate change science, the overwhelming amount of 
information available to students, and persistent misconceptions that exist surrounding climate 
change, it is essential that a place for climate change education be carved out within the existing 
structure of science education. By doing so, we can appropriately inform young people within 
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the constructs of public education to help them become cognizant citizens on an issue that is 
likely to become the top public concern of our future society. This is not a new approach, but one 
that has been employed over centuries to help promote societal transformation. Dewey stated in 
1897 that school is “the primary and most effective instrument of social progress and reform” 
(p.79) advocating that content that is controversial by nature be taught in schools. The term 
“educationalization” has been coined to describe the role of education in solving social problems 
(Depaepe & Smeyers 2008). What is climate change and the threat of global warming if not an 
enormous social problem?  
Because climate change is a relatively newly emerging social and scientific issue its place 
in secondary curricula is evolving. Science teachers are being faced with the responsibility of 
teaching climate change science for the first time. Junyent and Ciurana (2008) use the phrase 
“greening of the curriculum” to describe the process of more environmentally focused content 
becoming apart of secondary education. While this is happening in Western European countries, 
and now Australian schools, the United States of America is one of the last in the Western world 
to adopt climate change as a part of the national curriculum. The integration of climate change 
content occurred when the topic of Earth Science in high school and middle school was included 
into the standards in the 2013 Next Generations State Standards (NGSS).  
Finding a place in the curriculum is not the only difficult task science educators are being 
faced with. Climate change is also a very complex topic to teach because of the difficult science 
involved. Smith and Stern (2011) state climate change is a complex and interwoven process in 
which long-term analysis and projections are difficult to make. Also problematic for science 
educators is the communication of the process of climate change. Often models are used to help 
educators and students describe, represent, or help to make predictions about the phenomena 
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(Cartier, Rudolph, & Stewart, 2001). However, in order to depict the effects of climate change on 
a local or regional level the models must be simplified significantly. The global nature of the 
problem makes climate change difficult to observe at the local level (Pruneau, Liboiron, Vrain, 
Gravel, Bourque, & Langis, 2001). The gradual increase in temperature caused by climate 
change does not allow the average person to feel the effects on a daily basis. Because individuals 
do not notice the small changes to climate on a daily basis confusion exists about climate change 
and the connection to average weather, global warming, and extreme weather events (Farmer & 
Cook, 2013). This can cause students to have difficulty connecting to the topic as it relates to 
their day-to-day lives. Educators must also struggle to overcome other informational outlets 
about the issue; many students are reaching understandings about climate change from media 
outlets, which often misrepresent the issue and reinforce common misconceptions that persist 
within the classroom (Dawson & Carson, 2014; Gayford, 2002).  
Climate change science is also multidisciplinary in that it requires knowledge from 
different fields such as geography, geology, chemistry, physics, ecology, marine science, among 
others, and it encompasses a variety of content areas within each field requiring science 
educators to possess familiarity of information across all content areas. Because of the 
multidisciplinary nature of the issue, cross-curricular implementation of climate change 
instruction is ideal within the educational setting to reinforce understanding across all subject 
areas (Summers, Childs,  & Corney, 2005). Researchers and educators alike agree that an 
interdisciplinary approach to teaching climate change is necessary for students to gain a 
comprehensive understanding. The social aspect of climate change and its implications suggest 
that the topic not be taught exclusively in science classrooms, but an interdisciplinary approach 
should be adopted in secondary schools to incorporate fields such as government, economics, 
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technology, English, among others. (Dawson & Carson, 2013). While agreement that climate 
change provides an excellent opportunity to achieve an interdisciplinary instructional approach, 
Gayford (2002) indicated that teachers prefer to maintain the integrity of their own subject area 
rather than be involved in interdisciplinary teaching. This makes implementing the appropriate 
instruction of climate change that much more difficult to achieve at the secondary level.  
When considering the complex nature of teaching climate change science, along with the 
controversial nature of the topic as portrayed to the general public by the media, it is vitally 
important that science teachers’ instruction of this concept be examined.  Additionally, as 
teachers begin to incorporate climate change into their instruction, there is an evolving need to 
investigate teachers’ personal beliefs about the instruction of climate change within science 
education. Gayford (2002) suggests the presence of controversy over an issue can influence 
teachers’ instructional decisions. The controversy can cause confusion about the science of 
climate change and many teachers may also fear objection from community members (Maibach, 
Roser-Renouf, & Leiserowitz, 2008).  
A closer look at secondary science teacher’s enacted practices and espoused belief system 
within the science classroom is needed to better understand the instruction of climate change for 
the future of this discipline. My research encompassed an investigation of secondary science 
teachers’ beliefs and understandings of climate change science through teacher interviews, and 
classroom observations. Moreover, student and teacher and student survey data provided insight 
into understanding the relationship that exists between teachers’ and their practice and if and 
how that impacts student understanding of climate change science and their willingness to take 
personal measures to help alleviate the burden of climate change on the global population.  
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Problem Statement 
Secondary science students should leave the science classroom with a clear 
understanding of the causes of climate change and the impact that global warming has on their 
daily lives. However, this is not always happening in our schools. Students, and the general 
public alike have pervasive misconceptions about global warming and resulting changes in the 
global climate and are often left unsure about the types of mitigative behaviors that will help 
reduce the impacts of climate change on the earth. Climate change is perhaps the most serious 
issue society is facing over the next decade and our educated youth are not being prepared to 
make informed decisions regarding this complex problem. It is important for the future of our 
children that we take a closer look at the type of climate change education happening within our 
secondary science classrooms, the types of curriculum being taught, and the teachers that are 
instructing.  
Purpose Statement 
The purpose of this dissertation study is to understand the relationship between teachers’ 
beliefs and their classroom practice, specifically their instruction of the Climate Change 
Narrative Game Education (CHANGE) project’s climate change curriculum, which is discussed 
later in the chapter. Further, I determine if their beliefs and understandings impact students’ 
understanding of climate change and willingness to take mitigative actions. Qualitative and 
quantitative data collected from secondary marine science teachers and their students informed 
an understanding of how teacher beliefs can influence their classroom practice as well as student 
understanding and their willingness to act.  
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Significance of the Study 
Climate change science is a newly emerging area within science education and therefore 
related curriculum has only recently begun to be integrated into secondary science classrooms. 
Students will be receiving formal instruction of climate change science from their teachers, 
whom hold varying beliefs about the importance of climate change, its place in the curriculum, 
and best practices for instructing. There is little research done in the area of teacher beliefs and 
impacts on climate change instruction. Furthermore, there is even less research about how those 
beliefs impact student understanding and willingness to act. It was the goal of the research study 
to better understand teacher beliefs, how they affect their practice and how those beliefs and 
practice impact student outcomes. This study will contribute to the greater understanding of 
teachers’ beliefs and the impact on curriculum implementation.  
From a methodological perspective, my study provided a more comprehensive and in-
depth understanding of the problem through a mixed methods design. By combining both 
quantitative and qualitative methodologies into this single study, the results can complement 
each other and lead to fuller understanding of the problem and triangulation can occur through 
mixed methods design to determine the convergence of the data collected through all methods 
and enhance credibility of findings (Johnson & Christensen, 2012; Creswell, 2002; Tashakkori & 
Teddlie, 1998). This approach allowed for deeper understanding of how teacher beliefs influence 
classroom practices and implementation of a climate-centered curriculum and if and how this 
effects student understanding of the content and willingness to take personal action.  
Research Questions 
The overall research question that guides this study is: How do teacher beliefs about 
climate change impact their practice and resulting student outcomes?  
	 	 11	
 
That general question subsumes other related questions:  
Question 1: How do teacher beliefs about climate change influence their classroom instruction of 
climate change curriculum  
Question 2: How does teacher understanding of climate change influence their classroom 
instruction? 
Question 3: What impacts do teacher beliefs and understandings about climate change have on 
student outcomes? 
Researcher 
I have an undergraduate degree in Biology, during which time I became very interested in 
environmental issues both locally and globally. I became involved with the Keep Bulloch 
Beautiful community outreach group and also worked with the University Systems of Georgia 
Student Advisory Council to bring more sustainable solutions to our campus. I then pursued a 
Master of Arts in Teaching degree from the same university shortly after graduation. I have 
taught high school and middle school science, during which time I emphasized issues of 
sustainability within my classroom instruction wherever possible. I had a desire and interest to 
teach at the university level, which led me to the University of South Florida in the fall of 2013.  
Through my experience in the Science Education Ph.D. Program at the University of 
South Florida I have become a more effective teacher and researcher in the area of Science 
Education. I have accepted a position at Florida Gulf Coast University this coming fall as an 
Environmental Education Assistant Professor. I believe in an inquiry-based approach to 
classroom instruction with a strong focus on modeling scientific phenomena.  
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My research interests have been in the area of climate change education, specifically in 
the marine science setting. The majority of my research throughout my doctoral studies has been 
working with in-service marine science teachers and the National Science Foundation funded 
project “CHANGE”, which created climate-focused curriculum materials for teachers that align 
with their currently existing curriculum maps. I have been involved with the early development 
of the materials, observed the piloting in the marine science classrooms, and made formative 
revisions to the materials based on observations and teacher input. Additionally, I continue to 
meet with the research team on a weekly basis, as well as the participating teachers on a monthly 
basis to engage in scholarly discussion regarding the project. 
My interests’ lie in understanding how teachers can promote greater understanding of 
climate change among their student population through their classroom instruction. Students, 
whose lifestyles will likely be most affected by climate change will be asked to weigh in on 
future discussions and policy regarding this issue. Therefore, they need a clear understanding of 
climate change, how it affects the Earth, and the science behind. This is necessary for 
participation in public debate about how to reduce the emissions of heat-trapping gases and how 
their communities can mitigate the effects of global warming. As high school teachers are often 
the sole source of formal education regarding climate change science their role in this process is 
significant and closer examination was necessary.  
Limitations 
The marine science teachers who were asked to participate in this study are willing 
participants who are not necessarily advancing their teaching careers in anyway. The purposive 
sampling method used in this research study also provides a limitation. This type of sampling 
makes it more difficult to conclude valid inferences about a population and is not free from bias 
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(Tongco, 2007).  However, a benefit of purposeful sampling is that participants are studied in 
their natural setting (Gall, Gall & Borg, 2005). An additional limitation of my study is the small 
sample size, specifically for the statistical analysis methods, which are discussed in a later 
section.  
As the sole researcher of this study, I recognize that my personal thoughts and beliefs are 
a bias and represent a limitation of the study. These biases are not possible to eliminate 
completely, but I attempted to limit bias through peer review with the CHANGE colleagues and 
member checking with the teacher participants and alpha teachers, which are discussed later in 
the study, within the project. These meetings will take place at bi-weekly meetings with the 
Principal Investigators (PI’s) of the CHANGE project and other graduate students.  
Delimitations 
The primary focus of the study was to investigate marine science teachers’ instruction of 
the climate-centered CHANGE curriculum materials and the associated student outcomes.  The 
research is limited to high school marine science teachers and their students within the marine 
science classroom.  The focus of the research is on instruction of particular curricula designed to 
teach climate-centered concepts within the existing district curriculum map in a semi-structured 
sequence with specifically outlined materials. Therefore, a delimitation of the study is the 
restriction of the research to just marine science high school teachers and students and a 
particular curricula.  
Definition of Terms 
A variety of terms and definitions are used throughout climate change education; thus, for 
clarity, the following terms will apply to this study: 
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1. There are many terms used to define climate change, for the purpose of this study, the 
best-fit definition was the following; Climate Change: Anthropogenic-induced change in 
global and regional climate patterns attributed to the increase of carbon dioxide emissions 
(Solomon, Plattner, Knutti, & Friedlingstein, 2009). 
 
2. Survey: A method of data collection from a selected population using interviews or 
questionnaires. The population is selected in order to generalize findings (Gall, et al., 
2005). 
 
3. Teacher Beliefs: Beliefs are defined as a group of psychological constructs that make up 
human cognition and therefore are thought to drive their actions (Bryan, 2012). 
 
4. Willingness to Act: “reducing their own carbon footprint” and adopting behaviors 
towards a more sustainable lifestyle. (Ambusaidi, 2012).  
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Chapter 2: Review of the Literature 
The relationship between teacher beliefs and their practice is complex and influenced by 
a variety of factors, which impact teachers’ instruction. As teachers spend more time in the 
classroom, their experiences shape their understandings and beliefs of instructional practices. 
Veteran teachers, in comparison to novice teachers, are more likely to practice what they say 
they believe as they have spent more time in the classroom. Additionally, external influences 
from communities including parents, educational boards, policymakers, and other stakeholders, 
can provide an important impact on the way a teacher chooses to incorporate certain content in 
their instruction and the pedagogical practices.  
 It is important to consider the system of interactions when understanding if and how a 
teacher chooses to include climate change science in their instructional practice. Exploring the 
relationship that exists between teacher beliefs and instruction of controversial science topics is 
important to understand. Climate change is seen as a developing content area within science 
education. Teachers’ beliefs and understandings of climate change are inadequately addressed 
within the literature. Teacher understanding and beliefs about climate change can greatly impact 
student conceptions of this complex science issue, and because student knowledge is often 
reflective of their teachers’ beliefs, this relationship must be acknowledged and further 
researched (Diekhoff, 1983).  
A comprehensive examination of teacher beliefs about climate change and their 
instruction was reviewed, additionally; the literature review encompassed how teachers’ 
instruction of other controversial topics in science education have been approached in the past. 
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This includes the instruction of evolution and natural selection including adaptations, as well as 
the advancing area of Bio Technology including, DNA profiling, Genetically Modified 
Organisms (GMO’s), and stem cell research. While there are many controversial science topics 
that could be examined further, for the purpose of the research it was limited to drawing parallels 
of climate change instruction to biology educators’ instruction of evolution and genetics due to 
similarities and controversial nature of these topics.   
Lastly, the literature review encompassed an investigation of student outcomes as they 
relate to teacher instruction. Student outcomes are defined for the purpose of this study as 
students’ beliefs and understanding of content related to the topic of climate change science, and 
willingness to take personal action to mitigate the effects of global warming on the environment. 
Parallels drawn from past research about student beliefs, unrelated to climate change science, can 
inform our understanding of student learning.  
The Relationship Between Teachers’ Beliefs and Practice 
It is essential to examine the relationship between teacher beliefs and practices, as 
knowledge and beliefs are considered to be a large part of the underlying fundamental questions 
in science education research (Southerland, Sinatra, & Matthews, 2001).  It is also important to 
consider the role of teachers’ beliefs when examining their classroom practice (Kagan, 1992; 
Nespor, 1987). Often examination of classroom practice takes place through extensive classroom 
observations, interviews, and survey data. This allows a researcher better insight to the alignment 
of instructors’ professed beliefs and their actual espoused beliefs within classroom practices 
(Bryan, 2012; Simmons, et al., 1999). Frequently, one’s professed beliefs do not align closely 
with their classroom practices, for this reason further examination is necessary. (Bryan, 2012) 
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Beliefs stem from deeply rooted personal experiences (Keys, 2005). Teachers hold 
beliefs for a variety of reasons, when complex rationale exists within their belief systems a 
teacher represent what they believe to be true (Cobern, 1993). Cobern (1993) further suggests 
that because of this there is little distinction between knowledge and beliefs. Cobern (2000) 
suggests that held beliefs are often regarded as truths within one’s self, and therefore the notion 
that they exist separately from knowledge needs to be abandoned. Furthermore, Clandinin and 
Connelly (1987) attempted to clarify the distinction between the two terms, and accounted for a 
“bewildering array of terms” that made it difficult to specify where beliefs ended and knowledge 
began. Because of this they make the claim that the terms appropriated were just different words 
that represented the same meaning. Throughout much of the literature reviewed use of the two 
terms is used interchangeably, however when distinctions are made within studies they will be 
reflected in the review. 
There is evidence in the literature that suggests teachers’ beliefs, even more so than 
subject knowledge, content knowledge, and pedagogical content knowledge are the most 
influential elements in instructional practices and the resulting student learning (Nespor, 1987).  
However, we cannot ignore that both content knowledge and pedagogical experiences shape the 
practices of an educator (Tillotson & Young, 2013). My research examined both teachers’ 
knowledge and beliefs about climate change to better understand how teachers’ beliefs and 
knowledge of climate change science, impact their instructional practices.  
It is important to define what beliefs entail for the purpose of this study. Beliefs are 
defined as a group of psychological constructs that make up human cognition and therefore are 
thought to drive their actions (Bryan, 2012). Additionally, the construct of belief systems were 
defined by Rokeach (1960) as “an inference made by an observer about underlying states of 
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expectancy” (p.2) and are therefore believed by researchers to be the among the most valuable 
psychological constructs in teacher education research (Pintrich, 1990). Beliefs are generated by 
individuals through their formal and informal experiences and contribute to teachers’ 
epistemological systems about science and how students learn science as it relates to their 
classroom practice (Bryan, 2012).  
Rokeach (1968) stated that beliefs are the best indicators of decision-making throughout 
an individual’s life. Yet, in spite of the arguments made placing emphasis on the importance of 
beliefs, little research had been done until the late at the end of the twentieth century, to 
understand how teachers’ beliefs impact their teaching practices, shape their understating of the 
subject matter they are teaching, and the impacts on students in their classrooms (Nespor, 1987). 
That said, beliefs are considered to be an important contribution to teachers’ pedagogical process 
and because of this should be examined closer specifically when considering instruction of 
climate change science.  
Teachers hold preexisting beliefs about science content and instructional practices, and 
these beliefs can have a large influence on classroom instruction (Kagan, 1992; Kardash & 
Scholes, 1996; Bryan, 2012; Pajares, 1992; Richardson, 1992; Reynolds, Bostrom, Read, and 
Morgan 2010). It has been argued that beliefs about teaching and learning have been clearly 
established by an individual even before entering a teacher education program (Kagan, 1992; 
Nespor, 1987; Pajares, 1992; Richardson, 1996). Because of this, preexisting beliefs serve as an 
additional barrier for teacher education programs when preparing teachers. For this reason, it is 
also important to consider a teacher’s preexisting beliefs about science content and instructional 
practices when investigating how they impact classroom instruction of climate change science.  
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Novice Versus Veteran Teachers’ Beliefs  
Previously mentioned, it is noted within the literature that teachers’ professed beliefs 
about teaching and learning are not always reflective in their espoused classroom practices 
(Bryan, 2012; Simmons et al., 1999). Simmons’ findings indicate that new teachers, specifically 
recent graduates from a teacher education program, indicate their beliefs align with a student-
centered approach to learning and doing science. However, beliefs supporting student-centered 
instruction rarely translated into their classroom practice, and new teachers were more likely to 
adopt a teacher-centered, and transmission style, which implies teachers impart content 
knowledge to the student, rather than constructive approach to teaching and doing science 
(Tillotson & Young, 2013). This indicates a gap exists between teacher beliefs about their 
instruction and what is actually taking place in the classroom. Understanding these gaps, or 
inconsistencies, between teachers’ beliefs and their instruction can uncover how their classroom 
action is negatively impacted (Pajares, 1992).  
When considering teachers’ epistemological systems, they tend to be very stable. 
Teachers have an established sense of knowledge and what can be known, and this impacts their 
belief systems linking both knowledge and beliefs. This is true particularly of veteran teachers, 
as their beliefs have developed over an extended amount of time. Therefore, veteran teachers 
tend to be very reluctant to change their practices and beliefs about how students learn science 
(Jones & Carter, 2007). Alternatively, novice teachers’ beliefs may be more responsive to change 
as they continue to experience more time in the classroom (Richardson, 1996).  Simmons’ study 
found that a change in teacher beliefs needed to occur within oneself prior to any changes that 
could occur in classroom practices, making instructional transformations very difficult to achieve 
without alteration of beliefs first.  Having said that, teachers must be given opportunity to 
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examine their beliefs as it aligns with classroom practice. Without this opportunity, development 
cannot take place (Peterman, 1991). Throughout the study, this opportunity was provided to 
teacher participants through the interview, which examined their beliefs about climate change 
and how those beliefs impact their instruction.  
Professional Learning Opportunities and Teachers’ Beliefs  
Teacher preparation and professional development programs provide educators with an 
opportunity to learn about educational theories and pedagogical practices that are recognized as 
best practices for educators (Rowan 1995, Stoll et al., 2006). Participation in these types of 
scholarly organizations can promote change in teacher beliefs about their practice. Bryan (2012) 
suggests the opportunity to transform beliefs take place over extended periods of time through 
teacher education programs, ongoing support, and professional interventions to promote change 
(Guskey, 1986; Stoffels, 2005). There is great desire within the field of education to provide 
opportunities for teachers to work together in order to share their expertise with other members 
of the community (Grossman, Wineburg, & Woolworth, 2001; Stoll et al., 2006). The study 
attempted to do this through workshops and training dates. Engaging in this type of social 
development and intellectual engagement allows for new forms of professional interaction and 
supports changes in practice (Grossman et al., 2001; Rowan 1995). It is important to provide 
teachers with these types of opportunities to help promote change in teacher beliefs, specifically 
when addressing new or complex science content such as climate change.  
Tam (2105) identifies the features of professional development that lead to teacher 
change specifically in beliefs and practices. The creations of a new structure within the 
classroom and school, the building of a collaborative culture in which teachers work 
interdependently, and initiation of interactive learning activities are all beneficial features of 
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professional learning opportunities. Participation in this type of professional development 
training can lead to overall change in beliefs about the curriculum, teaching and learning, and the 
role of the teacher.  Participation in professional learning opportunities with features similar to 
that of Tam’s outlined professional development is not evident specifically among science 
teachers who are tasked with the undertaking of teaching the emerging issue of climate change 
science. It is necessary that science teachers are actively participating in opportunities similar to 
those suggested by Bryan (2012) and Tam (2015) to transform their beliefs about teaching 
climate change science in that the content is not only new and emerging, but complex, and many 
teachers have prior existing beliefs about the topic.  
Teachers’ Beliefs and Instructional Impacts 
The complex relationship that exists among beliefs about students, practice, and content 
has a large impact on individual classroom teacher instruction (Bryan, 2003). This 
multidimensional type of relationship that exists among teachers is often referred to as 
“nestedness,” in which one set of beliefs can reinforced by one another creating an even greater 
impact. Bryan refers to teachers’ sets of beliefs as “nests” because they are interdependent in 
nature and rely strongly on one another in practice. Often times, one “nest” of beliefs can be 
more evident in classroom practice than another; this is due largely in part from what Rokeach 
(1968) suggested, which is that some beliefs are held more centrally than others. It will be 
important to uncover teachers’ nests of beliefs about climate change and instruction of the topic 
more closely to better understand the relationship between their beliefs and instructional 
practices.   
The way in which teacher’s beliefs impact their practice is not a one-way relationship but 
an intrinsic back and forth relationship in which one impacts the other through experiences 
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(Thompson, 1992). Simmons’s findings (1999) provide additional evidence, which supports this 
two-way relationship in that changes of instructional practice can only happen after an essential 
change in an individuals’ belief system occurs and these changes are not necessarily linear 
(Bryan, 2003; Jones & Carter, 2007). Literature suggests that teacher’s beliefs are largely tied to 
their instruction and thus they can have an impact on student understanding and response to 
content (Thompson, 1992). The role of the teacher and their beliefs proves to be an important 
component when examining student outcomes related to understanding of climate change 
science content. Considering the relationships between teacher beliefs and student outcomes 
related to instruction of climate change science are essential to effective instruction and will be 
an important part of the study.   
Individual teacher beliefs can have an abundant effect on implementation of curriculum 
and ultimately student learning (Keys, 2005; Olson, 1981, Pajares, 1992). Understanding the 
complex relationship of teacher beliefs and curriculum implementation is necessary when 
observing science classrooms and teaching strategies. In addition, instructors can be faced with 
the difficult task of educating learners about content that they don’t agree with, or may be 
uncomfortable teaching. More complicated still, teachers may hold certain beliefs about worthy 
instruction yet may not uphold these beliefs in their actual instruction. Evidence from these 
suggests that teachers’ beliefs about practice and instruction are not always reflected in their 
teaching practice (Kinchin, Hatzipanagos, & Turner, 2009; Waters-Adams, 2006; Shi & Lin, 
2014). Teachers give multiple reasons for the exclusion of certain topics or content, including 
constraints of the curricula or lack of available materials (Jones & Carter, 2007). Therefore it is 
important to gain a better understanding behind the reasons why a teacher chooses to include 
certain aspects of the curriculum in their instructional practices and how they do so. There are 
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conflicting findings among the research whether or not teachers’ beliefs are impacting their 
instruction and resulting student outcomes, my study further investigates this.  
While some researchers have studied the impact of teacher beliefs on practice and student 
outcomes, there is criticism about the one-way nature of the outcomes. The one-way nature of 
beliefs impacting practice is oversimplified and does not accurately represent the relationship. It 
is important to note that teacher beliefs are complex structures that are highly influenced by their 
own experience in practice (Thompson, 1992). It cannot be assumed that student outcomes are 
directly related to the individual beliefs of an educator, but rather it should be seen as resulting 
from a set of intricate interactions among student, teacher, and the curriculum that develops over 
an extended period of time. Therefore, when investigating implementation of coherent 
curriculum across multiple settings, the role of the teacher and the student must be examined 
closely.  
The relationship Between Teachers’ Beliefs About Climate Change and Their Practice 
There is a large body of research that explores the general public’s beliefs about climate 
change, but little has been done in the area of in-service teacher beliefs (Liu, Roehrig, 
Bhattacharya, & Varma, 2015, Herman, et al) Since the early 2000’s researchers have begun to 
look at the ways in which teachers’ beliefs affect their knowledge and teaching of climate change 
science. For example, Papadimitrious (2004) found that preservice teachers’ climate literacy was 
associated with their beliefs about global climate change. Additionally, Liu’s study (2015) 
suggests that almost all teachers believed that human actions have an effect on the natural 
environment, and most teachers also agreed that if the current climate situation continues, there 
will be devastating environmental consequences. 
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  The Yale project on climate change, the Six America’s Study, which aimed to measure 
Americans’ beliefs about climate change, support of policy, and personal behavior categorizes 
respondents into six distinct groups (Maibach, Roser-Renouf, & Leiserowitz, 2009).  The first 
category is comprised of “alarmed” members of society who agree the threat of climate change is 
serious and personal to them, and also agree political action is necessary to address it. The next 
group, termed the “concerned” group of Americans who also agree the threat of climate change 
is real, but have yet to take personal action to mitigate its effects. Next, the “cautious” group of 
surveyed agree that climate change is an issue, but are unsure if it is anthropogenically induced. 
Lastly, there are the “disengaged” and “doubtful” groups, which are unsure if climate change is 
actually happening, but agree that if it is, a natural phenomenon is the cause.  Finally, the 
“dismissive” group, which exhibits uncertainty as to whether climate change is real, and are 
typically opposed to effort by which to reduce emissions of greenhouse gases (2009). These 
measurable categories are important in determining teachers’ personal beliefs and level of 
concern for climate change, however, for the propose of this study the only categories that 
teachers fell within were the alarmed to concerned groups.  
The Leiserowitz study (2011) also reveals that there is a connection between self-reported 
knowledge of climate change science and level of concern related to the topic. For the purpose of 
their study, knowledge of climate change was divided into several categories, including how 
climate systems work, the causes and consequences of climate change and solutions to global 
warming. Lambert’s study (2013) compared the results of the Leiserowitz study of the general 
public to preservice teachers enrolled in a methods course in which the curriculum was focused 
on the science of climate change. Findings from the study suggest that preservice teachers who 
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experienced the treatment curriculum were more concerned with the threat of climate change 
subsequently.  
While teachers generally feel that climate change is an important topic, discrepancies 
exist about what aspects of climate change should be taught and how much time to allocate to it 
(Liu, 2015).  The results from the teachers’ attitudes, beliefs, and concerns as measured by the 
Six America’s Study (Leiserowitz, Maibach, Roser-Renouf, & Smith, 2011) indicates that the 
more “concerned” about climate change an educator is the more likely they are to include the 
topic in their instructional practice (Liu, et al., 2015). Findings from the Liu study reflect those 
from Water-Adams’ (2006) study, which indicates that instructional practice is largely 
influenced by teacher attitudes and knowledge of content. In order to better understand this 
relationship, my study determined how these beliefs impact the practice and implementation of a 
climate change curriculum.  
Who is Teaching Climate Change Science? 
A study completed in 2007 among science teachers in Colorado suggested that other than 
Earth Science teachers, most science teachers do not formally include climate change in their 
curriculum (Wise, 2010). This further presents an issue of the availability of students who 
experience climate change instruction, and those who teach it. Typically Earth Science courses 
are marginalized in secondary schools and only a quarter of secondary students ever take an 
Earth Science course. The research suggests that teachers are underinformed about climate 
change science and hold similar misconceptions to the public about the causes, consequences of 
climate change and solutions to global warming (Lambert, 2013; Leiserowitz et al., 2011, 
Reynolds et al., 2010, Herman et al). Accessibility to the content is not the only barrier to 
adequate instruction, misconceptions related to the cause of climate change, including ozone 
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depletion as a cause of global warming exists among teachers, and has been documented among 
their students as well (Chi, 2005; Cordero, 2008: Gowda, Fox, & Magelky, 1997). Students 
regard formal classroom experiences as an important source of their science knowledge, and 
therefore expect their teachers to be informing their scientific awareness of theses issues (Gunter, 
Kinderlerer,  & Beyleveld, 1998).   
While only a fraction of science teachers are currently including climate change in their 
instruction, it is unclear what science background they appear to be properly teaching the content 
(Wise, 2010). The United States Climate Change Science Program, Climate Literacy: The 
Essential Principles of Climate Science (2009) suggests the best way to allow students to gain a 
better understanding of the complex relationship between human impacts on climate systems is 
through a formal interdisciplinary instructional approach. However, this is not typically the case, 
most students report learning more about climate change from the media including the Internet, 
television and news outlets, as well as the radio, than in the science classroom. This results in an 
increase perpetuation of misconceptions, yet another barrier for teachers to overcome in their 
climate change instruction. (Liu et al., 2015). 
Wise (2010) also suggests teachers are more likely incorporate climate change into their 
instruction if they experience public acceptance of the issues from community members and 
receive encouragement among school hierarchy.  As previously mentioned, the inclusion of 
climate change science content in the Next Generation State Standards (2013) supports the 
inclusion climate change content among science teachers, specifically in the earth and space 
sciences. Regardless of the presence of the content in the standards, some teachers still opt to 
leave climate change out of their instruction, often blaming curricular restraints (Bentley, Ebert, 
& Ebert, 2007). Bunten and Dawson (2014) shed light on yet another reason climate change 
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education is left out of most science classrooms. Their article references high school science 
teachers as restricting their instruction to the well-understood and uncontroversial areas of 
science, which include areas of physics and physical science, and photosynthesis within the life 
sciences. However, this misrepresents science as a body of knowledge rather than a process of 
discovery. The reliance on this idea supports the transmission method of teaching facts from 
teacher to student, and does not allow for students to participate in inquiry about less-known 
areas within the field (Bentley et al., 2007). As with teaching other controversial issues in 
science, which will be discussed later, teachers need to provide opportunities for students to 
construct their own understandings of climate change science in order to better understand it.  
 It is recognized by policymakers and science educators that teaching climate change 
science is necessary to foster climate literate students (U.S. Climate Change Science Program, 
2009), yet many science teachers still choose to leave the topic out of their instruction. Wise 
(2010) advocates for further research to better understand what barriers and motivators exist that 
can further promote teaching efforts about climate change science and reduce the prevalent 
misconceptions related to the issue.  Furthermore, it is important for the purpose of this research 
to uncover teachers’ beliefs about teaching climate change and better understand why teachers 
are making certain instructional decisions.   
The relationship Between Teachers’ Beliefs About Controversial Issues and Practice 
Controversial issues are described in the literature as “taboo” and are often avoided in 
everyday conversation, as many people take personal offense and society tends to be divided on 
the issue and the two separate views are conflicting, which makes advocating for one solution 
difficult (Evans, Avery, & Pederson, 2000; Hoffman, 2011; Stradling, 1985, Wellington, 1986).  
Controversial issues tend to make students and teachers uncomfortable. Research by Philpott, 
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Clabough, McConkey, and Turner (2011) suggests that dealing with controversial issues in the 
classroom can disrupt the classroom environment. That said, it is nearly impossible to avoid 
these topics in the classroom, and it is critical to engage students in discourse that challenges 
them ethically in order for students to become more informed citizens, be able to develop skill 
necessary to take part in democratic discourse, and cultivate resolution (Gore, 1999; Lockwood 
& Harris, 1985; Reitano, Kivunja, & Porter, 2008).   
There is limited research on both in-service and preservice teachers’ beliefs about climate 
change and how it affects their classroom practice. However, similar and more comprehensive 
research has been conducted examining the relationship between teachers’ beliefs about the 
nature of science and classroom practice. While there is no one accepted definition of the nature 
of science, Lederman (2013) describes the nature of science as the “epistemology of science, 
science as a way of knowing, or the values and beliefs inherent to the development of scientific 
knowledge” (p.140). Brickhouse’s study, for example, which examined the relationship between 
teachers’ understanding of the nature of science and their classroom instruction suggests that 
teachers’ actions in the classroom and beliefs about science influence the way students learn 
science, specifically, their views on scientific knowledge and the methods they use to assist 
students in constructing knowledge about science (Brickhouse, 1990). Likewise, teachers with a 
more complex understanding of the nature of science can have a positive impact on their 
instructional practices in the classroom. Brickhouse (1990) also found a disconnect could occur 
between teachers’ professed beliefs and their classroom actions. This is instrumental for teachers 
instructing climate change science, as simply rudimentary understanding of the topic is not 
sufficient for learners to be able to grasp the concepts. For instance, within the Brickhouse study, 
the instructor who viewed scientific theories as tools to solve problems was more likely to 
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encourage students to use theories in the classroom to explain observations, as opposed to the 
instructor who viewed theories as uncovered truths and instead placed an emphasis on 
memorization of scientific theories.  
It is the responsibility of science educators to promote comprehensive understating of the 
nature of science among students, as the nature of science is fundamental to fully understanding 
all other science content and how scientific knowledge is discovered. In doing so, students not 
only become higher achieving in science courses, but it also affects their understanding and 
interpretation of knowledge gained through experiences (Miller, Scott, & Okamoto, 2006). 
Partin, Underwood, and Worch (2013) sites findings, which suggests that students must have a 
clear understanding of the nature of science in order to become scientifically literate members of 
society and better understand other controversial issues within science such as evolution and 
global warming. 
Climate Change, Evolution and Biotechnology  
Smith (1994) suggests the distinction between beliefs and acceptance of theory must be 
presented to students, specifically when concerning scientific instruction. He suggests through 
instruction of the nature of science and scientific reasoning students can better understand 
scientific theories such as evolution, which is sciences’ widely accepted theory and indicates the 
best possible explanation for the phenomena. Furthermore, Southerland (2001) suggests placing 
acceptance of theories as the goal of instruction. It should not, however, be a requirement of 
students to simply accept scientific theories, and therefore abandon their personal beliefs, rather 
to use theories for explanation of events in science and the science classroom.   
Science teachers are often seen as the “link” between scientists understanding of the 
theory of evolution and the public’s resistance to the idea (Newport, 2006). This role allows 
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teachers to serve as a liaison between scientific data, which contradicts views rooted in religious 
beliefs by the general public. Tensions can arise as teachers are more frequently asked to teach 
students about controversial issues in the science classroom like climate change or evolution. 
Opposition of evolution from religious groups, education boards, community members, 
administrators and teachers alike prove to be difficult barriers to inclusion of the topic in science 
classroom instruction (Tatina, 1989; Zimmerman, 1987). However, the adoption of the Next 
Generation State Standards from fourteen states and over forty states with expressed interest, 
many science teachers will continue to face the challenges of including these controversial issues 
in their secondary science curriculum and classrooms (NGSS, 2013). 
While acceptance should remain the goal of instruction of controversial topics, an 
examination of teachers’ acceptance and beliefs about the issues must also be considered. 
However, people in the United States are less likely than those of peer nations to accept 
controversial issues such as climate change or evolution (Ranney, 2012). What does this mean 
for U.S. teachers who are tasked with the responsibility of teaching these issues? Rutledge and 
Mitchell’s study (2002) found a significant association between the number of credit hours 
completed in the content area and teacher acceptance of the theory of evolution. Furthermore, 
their study suggests that acceptance of the theory also led to a greater number of instructional 
days the content was covered in those teachers’ curriculum. Other explanations as to why 
teachers may choose not to include controversial issues in their classroom instruction are 
contributed by teachers’ lack of understandings about the principles and supporting scientific 
evidence of the topics, and their personal beliefs about the content (Rutledge & Mitchell, 2002).  
Student structures of knowledge have been found to be similar to that of their instructors (Bates, 
1976). Thus, student conceptions and knowledge of evolution are likely to reflect their teachers.  
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Like climate change, the general public and many high school students exhibit 
misconceptions about the idea of evolution and natural selection (Blackwell et al., 2003; 
National Science Board, 2000). Similar to climate change, theories exist about evolution as to 
why these misconceptions are prevalent among much of the population. Partin, et al., (2013) 
cites the main reason these misconceptions are so widespread is that evolution is not adequately 
addressed in middle school science classrooms. By the time students reach high school, they 
have already framed their ideas about science and the natural world (Bransford Brown, & 
Cocking, 2000). This is of great concern, as many students are not receiving any climate change 
instruction until they reach high school science.  
It is important to note that while both evolution and global climate change are considered 
controversial issues within science education, the reason they are considered to be controversial 
greatly differ. Evolution is considered controversial by most because it contradicts the 
creationism theory, widely accepted by some religions. The idea of creationism also existed 
centuries before the idea of evolution and therefore the new idea about life on earth compete with 
widespread centrally held religious beliefs. Climate change is considered to be controversial in 
science education, not because it competes with religious ideals, but instead because the science 
is newly emerging and complex, which is not well understood by even the most highly regarded 
scientists. Lastly, climate change also encompasses many non-science aspects including, social, 
political and economical issues that concerns, which can also contribute to dilemmas. Due to the 
controversial nature and political disagreement of the topic, there is considerable disagreement 
among the research about how climate change can be effectively addressed in the classroom 
(Gayford, 2002). 
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As with climate change, a similar controversial area of instruction is the developing field 
of biotechnology. Its importance is recognized among science education, in that students will be 
asked to make decisions related to the future of these new technologies (Steele & Ambusson, 
2004). Biotechnology, including stem cell research, genetic testing and genetically modified 
organisms are also issues based in science that incorporate a multidisciplinary component, as 
they raise political, social, and economic concerns among the public (Oulton, Dillon, & Grace, 
2004). Science education serves an important role in the progressing field of biotechnology 
(Lock & Miles, 1993). As with climate change, Gunter et al. (1998) found that students and their 
teachers were underinformed about the topic and did not understand the scientific processes and 
implications of biotechnology. Similar findings to that of climate change studies as to how 
students’ are informed about issues are found in the biotechnology research. The literature 
indicates the majority of students are informed through media outlets such as television and 
Internet resources. This results in gross misunderstandings, over simplification, and stereotyping 
of the information (Gunter et al., 1998, Lock & Miles, 1993)  
As with climate change, understanding the science behind issues of biotechnology can be 
difficult, it is a not only a social issue, but also a religious and political one, moreover, it should 
be the aim of science educators to present findings of sound scientific evidence. This allows 
students to be better equipped to make their own decisions and justify them, rather than simply 
restate rumors or hearsay (Lock & Miles, 1993). Dawson and Soames’ (2006) findings report 
that students who experience a biotechnology content rich curriculum were more likely to have 
increased understanding of genetically modified organisms, genetic engineering and cloning. 
They also were more likely to have a positive and accepting view of the use of biotechnology 
with plants, but still remained skeptical when the process involved animals. However, many 
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teachers are leaving the similarly controversial issue of biotechnology out of their classroom 
instruction, citing conflicts with available time in curriculum, inadequate understanding of the 
content, and also indicated less practical knowledge for students in comparison with other 
biological concepts (Steel & Aubusson, 2004). Alternative pedagogical approaches to teaching 
topics of controversy are suggested in Oulton, et al. (2004) in which teachers focus on the nature 
of controversy in their instruction, they recognize individual worldviews, and promote of critical 
reflection among learners. 
Many parallels exist within the area of science education among teaching and learning of 
biotechnology, evolution, and climate change science. These topics are not only ever developing 
and complex, but also controversial by nature. Teachers need to recognize the importance of 
including newly emerging controversial issues in science education in their curriculum and 
instruction. They need to have a comprehensive understanding of the science and processes of 
the causes and effects of the issues, and a clear place for instruction needs to be present in the 
curriculum in order for students to be able to effectively develop scientific understandings and 
become scientifically literate about these newly emerging interdisciplinary concepts.  
Teaching Controversial Issuers- The Moral and Ethical Conflict  
Controversial issues involve value judgment, as there is often no one right answer to the 
argument (Wellington, 1986). Climate change, as discussed earlier, is seen as both controversial 
and multidisciplinary in subject matter, which stems across many content areas including social 
studies, economics, political science, and environmental science teaching. Climate change 
science, as an issue of sustainability requires educators to access internal moral reasoning about 
what is important to teach in keeping good faith, ethical investigation, and requires students and 
teachers to consider value judgments when determining the best way to address the issue and its 
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negative impacts (Byford, Lennon, & Russell, 2009). Lock et al. (1995) encourages controversial 
science instruction, which requires a scientific fact base, and argues that this type of instruction 
is popular among students and can lead to greater positive views of science. Therefore, 
enhancing views of science among the public and encouraging future involvement from students 
in science careers.  Efforts to include this type of instruction into classrooms largely depend on 
teachers’ beliefs and intentions for their science classroom (Bybee, 1993). Dewhurst (1992) 
argued that students will be faced with these controversial environmental, political, and 
economical predicaments once they have left school and it is the duty of the educator to prepare 
them to think scientifically and critically about these issues (Soley, 1996). Solomon (2001) notes 
that this type of science instruction can help prepare students as informed citizens to make 
decisions in their everyday life related to the environment.  
Cross and Price (1996) reports many teachers are likely to present the least controversial 
of topics in science classrooms, indicating that controversial environmental issues were the most 
science classroom-friendly, and favored those over other types of controversial topics. Teachers 
also reported teaching “both sides” of a conflicting issue as to avoid any bias or personal values 
that might be expressed through instruction of just one side of the debate. However, there is 
disagreement within the research as to whether teachers should remain neutral in their instruction 
(Oulton et al., 2004). Teachers engaged in controversial science instruction are faced with the 
difficult task of addressing their own personal beliefs and values, and can feel as if they are 
exploiting students through their own personal biased instruction (Sadler, Amirshokoohi, 
Kazempour, & Allspaw, 2006). Expression of personal values is a difficult notion for educators 
to consider as values are often described as a derivative of moral code or ethical principle 
(Sunderland 1998).  
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While controversial and value-driven instruction may seem like a novel idea, it is simply 
suggesting as it has been for many years, that science teachers teach their content in a broader 
context (Oulton, et al., 2004). Oulton et al. (2004) calls for teachers to share their own personal 
stance on issues with students and be explicit in the way in which they reached their stance. 
Along with this, instructors should also encourage maintaining a sense of open-mindedness, 
ensure that students do not reach a decision too hastily, and be willing to change their views. 
These are important strategies for teachers to engage in instruction of controversial topics.  
While it is recognized as important in science education, there are clear motives as to 
why teachers avoid controversial topics in their classrooms. Including the complexity of the 
science, opposition from stakeholders, curricular constraints, etc. However, teachers’ report that 
the greatest challenge when teaching controversial issues is that students are misinformed, lack 
knowledge regarding the topic, and are therefore unable to actively engage in classroom 
discussions and activities (Kuş, 2015). Therefore, a comprehensive examination of teachers’ 
instruction of climate change science curriculum and the impacts on students’ understandings of 
climate change needs to be completed.  
Student Outcomes- Beliefs  
Lemke (2001) presents a framework centered on a sociocultural perspective, which 
suggest that individuals’ beliefs are entwined within a complex web of practices that are related 
to the community in which they are associated with. This framework constructs science 
classrooms as communities where students learn and grow. Therefore students’ beliefs about 
science and science practices developed within this social community can be influenced by not 
only the instructor, but also other members of the community, including their classmates.  
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There is evidence among the literature that the link between teachers’ instruction and 
student learning may be reflective of a “loosely coupled system” (Weick, 1976). Weick defines 
the term as “events that are responsive, but that each event also preserves its own identity and 
some evidence of its physical or logical separateness” (p. 2). It can be argued, that within the 
educational organization of classroom the teacher and students can be considered “coupled 
elements.” The study presents a set of functions that are more easily attained through loosely 
coupled systems. Most notably, when considering science classrooms, the loosely coupled 
system allows for a greater number of novel changes within the community, thereby creating an 
atmosphere of separateness and individualism among the group. Suggesting that changes in 
student outcomes can occur independent of others in the same classroom with the same 
instructor can encourage a sense of self-determination. There is conflicting evidence among the 
research in understanding the link between students’ beliefs and their science teachers’, further 
investigation into this relationship must be done in order to better understand it. 
There does, however, appear to be a close association between an adolescent and their 
parents’ beliefs (Bandura, 1986; Peterson & Rollins, 1987). Mead et al., (2012) provides 
evidence for the facilitation, socialization, and modeling predictive process, which is supported 
through home life in a variety of ways. Tinsley (1992) states that adolescents’ beliefs tend to be 
reflective of their parents’ beliefs, however, it is unclear whether their beliefs are simply 
reflective of their parents, or their parents drive young peoples’ beliefs. As in, do parents and 
their children have the same reasoning for their beliefs, or are children simply choosing to adopt 
their parents’ beliefs without developing them in the same way in which their parents did. This 
relationship represents a primary concept in the social cognitive theories, which students learn 
through observation and model the behaviors of others (Bandura, 1986). There is little research 
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among the literature, which suggests these same claims of predictors can be made when 
determining association between teacher and adolescent. A close investigation is needed to 
determine how teachers as mentors of climate change can influence adolescents’ beliefs 
similarly, when considering scientific issues. The study attempts to exam if teachers as mentors 
can influence students’ beliefs through their instruction of the curriculum.  
Student Outcomes-Willingness to Act 
Ambusaidi (2012) suggests the relationship between beliefs and willingness to take 
personal action exists. While the association seems to be stronger for some personal actions 
than others, it is important to consider students’ beliefs when examining students’ willingness to 
take action. Willingness to take action within the context of climate change is described in the 
Ambusaidi article as “reducing their own carbon footprint” and adopting behaviors towards a 
more sustainable lifestyle. Some actions, as mentioned before, are more easily influenced, such 
as recycling, than others (Ambusaidi, 2012).  
The IPCC (2013) states that in order to mitigate the effects of climate change measures 
must be taken to reduce anthropogenic produced greenhouse gas emissions. This can be 
accomplished through policy change and transformations in individual human behaviors. While 
individual behaviors alone are not likely to address the environmental issues associated with 
climate change, because of the extent of impact had by carbon emissions on the environment, 
individuals do play an important role in fostering pro-environmental attitudes that can help 
promote policy change (Mead et al., 2012).  
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Students’ understanding of climate change science and the future implications of the 
negative environmental impacts climate change will have globally can also influence their 
decision to take personal action related to mitigating its effects (Sinatra, 2011).  In order to 
enact these changes in personal behaviors students must first become informed citizens with an 
awareness of environmental issues, and science education is at the core of promoting these 
changes (Jensen, 2002; Sharma, 2012). While climate change instruction has been implemented 
at some schools across the nation, many students have yet to experience formal instruction of 
the issue (Leiserowitz, Smith, and Marlon, 2011).  It can be argued from this evidence that we 
must first effectively teach students climate change science in order to encourage personal 
action among young people.  
One way in which to enact these actions is through a persuasive pedagogical approach. 
Through this approach, students’ attitudes and concern about climate change become more 
receptive, and their willingness to take personal action to mitigate its effects tends to increase 
(Sinatra, 2011). Gaining a better understanding on students’ expressed willingness to act is 
important when examining the relationship between these actions and classroom instruction. 
Therefore, we must not only consider the curriculum and content outlined within the course 
schedule, but also the instructional impacts individual teachers have on student outcomes.  
Overall, young people report feeling less capable of bringing about environmental change 
than adults, and while young people tend to hold more pro-environment beliefs, they are not as 
likely as adults to act on these beliefs (Devine- Wright, & Fleming, 2004). Bell and Linn (2002) 
examined students’ expressed beliefs and found there tends to be a lack of stability when 
considering the scientific context in which those beliefs are grounded. Therefore, it is important 
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to consider students’ understandings of the scientific context when considering their pro-
environmental beliefs regarding climate change science. Findings suggests students claim to 
have pro-environmental beliefs about resolving climate change, yet have difficulty making 
connections between the environmental systems and contributions to climate change. They 
indicate solutions such as reducing carbon dioxide emissions, less pollution, and planting trees, 
but often see these solutions as environmentally friendly overall and are unable to make the 
connection as to how these actions will directly improve the negative effects of climate change 
(Kilinc, Stanisstreet, Boyes, 2008; Shepardson, Niyogi, Choi, Charusombat, 2009).  Young 
people also tend to feel less capable of being mobilized to mitigate climate change despite the 
impending consequences climate change will have on their generation (Mead et al., 2012; 
Pruneau et al., 2001).  Young people’s environmental behaviors are complex. In order to better 
understand why young people choose to take action it is necessary to further study students’ 
experience of learning climate change science in the classroom. Determination can then be 
made as to how those experiences impacts their willingness to take personal action to mitigate 
the harmful effects of climate change.  
Student Outcomes- Understanding Climate Change  
 Leiserowitz (2011) suggests that American teenagers understanding of climate change 
science is about the same, or less than that of American adults. The study also suggests that 
gaps exist between teens’ and experts’ knowledge of climate change. Lastly, teens tend to 
exhibit common misconceptions about the causes of climate change and therefore are less likely 
to be able to identify effective solutions to mitigate the harmful effects of climate change. 
Dawson and Carson (2013), suggest that students are formulating understandings of climate 
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change based on what is represented in the media and therefore lacking in scientific knowledge 
to support these ideas. In their study, over one third of the students cited learning climate 
change from the television and the Internet. With that said, students were not as likely to place 
trust in that form of information than other more trustworthy sources of information, such as 
formal education.  Similar to teachers’ misunderstandings of climate change science students, 
which suggests that both groups need to be better informed of climate change.  
Students, like teachers also tend to misunderstand how the greenhouse effect is 
contributing to global warming. Students also tend to confuse features of the greenhouse effect 
with the ozone layer and ozone depletion (Boon, 2010; Hansen, 2010). Further, studies found 
that students are unable to distinguish between human contributed gases to the greenhouse 
effect and natural contributors, such as water vapor (Raupach and Fraser, 2011). The question 
that must be addressed is, how can the experience of a climate change concentrated curriculum 
increase student understanding of the topic, close the gaps between expert and teen knowledge, 
and reduce the persistent misconceptions that exists among our young people?   
Cordero (2008) suggests that students who experience instruction of climate change science 
in their science classrooms can have a change their attitudes and conceptions of the issue. 
Dawson and Carson’s (2013) findings suggest that there is a wide range of understanding that 
exists among secondary students in regards to climate change. Again, while students are 
learning about climate change form a variety of outlets, they tend to place more trust in the 
information they learn from their science teachers. Findings from the study describe the 
trustworthiest sources of climate change information as school science and geography. Evidence 
suggests that students are able to better understand the process of climate change caused by 
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excess greenhouse gasses through practical demonstrations and scientific investigations 
(Dawson & Carson, 2013). There are a variety of demonstrations available for teachers (NOAA, 
Climate Central, NGSS) to simulate the greenhouse effect in their classrooms. However, as 
stated previously, it is not clear whether teachers are using the resources available to them.  
It is clear that students need to gain a better understanding of climate change science. This is 
recognized by the U.S. Climate Change Science Program (2009), which emphasizes the goal of 
fostering scientifically and climate literate students through curriculum. The Next Generation 
State Standards highlight the importance of scientific literacy though scientific inquiry by 
promoting scientific practices, and developing models (NGSS, 2013). Concrete representations 
of climate change via the greenhouse effect need to be provided to students to better understand 
the complex process of climate change.   
Conclusions  
Teachers have a set of beliefs that interact hierarchically in a complex system that 
constantly influence what they do in the classroom. Some of their beliefs are more centrally held 
and therefore more resistant to change. When a belief is changed there are consequences that 
influence their entire belief system. The interactions that exist between beliefs and action are 
complex, and the connection between beliefs and classroom practice cannot be simplified to a 
one-way system in which the former influences the latter. There is lack of understanding among 
the research specifically how individuals’ beliefs impact their day-to-day classroom instruction. 
Through my research, and collection of data through teacher surveys, interviews, focus groups, 
and classroom observations, I gained a better sense of how these interactions occur.   
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The literature reviewed suggests that a teacher’s individual belief about controversial 
issues including global climate change, among other science issues, has the possibility to have an 
impact on their classroom instruction of the topic. Acceptance and understanding of the complex 
science of climate change also serves as important indicators for accurate classroom instruction. 
However, it has been found that many teachers do not possess an adequate understanding of 
climate change science before being asked to teach the content within the curriculum. Climate 
change as an ethical issue, which requires considering their values and moral reasoning, also 
impacts teachers’ acceptance of teaching climate change science. This can cause a teacher to 
generate ethical bias when teaching climate change.  While there is a wealth of research that 
examines teacher beliefs about climate change and their acceptance and understanding of the 
issue, there is no indication among the literature on how teachers’ beliefs and understandings 
about teaching climate change science will influence student understanding of climate change 
science. Additionally, further research is needed to examine how teacher beliefs will impact 
students’ willingness to take personal action to mitigate the negative effects of climate change. 
As science teacher educators, it is important to research the relationship between teacher beliefs 
and student outcomes as it relates to climate change science education in the secondary 
classroom.  
Young people will become actively participating members of society who will be faced 
with challenging decisions regarding climate change policy. It is important they are well 
informed and able to make these difficult choices. A large part of their formal climate change 
education comes within the context of science education. It is unclear the level of impact that 
teacher beliefs and understanding of science issues have on their instruction and resulting student 
outcomes. My research takes a closer look at teachers’ beliefs about their practice and 
	 	 43	
understanding of climate change science through surveys, classroom observations, and teacher 
interviews in an effort to gain insight about teacher understanding of climate change science and 
their beliefs about teaching this controversial topic in their classrooms. Examining students 
within these classrooms provides an opportunity to make connection between what teachers 
believe and understand about climate change and the impact on curriculum implementation and 
students outcomes.   
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Chapter 3: Methodology  
In this chapter I describe my research methods, including the design, site description, 
population selection, data collection and analysis methods, and the limitations of the study.  
Purpose Statement  
The purpose of this mixed methods research study was to understand how teachers’ 
beliefs and understandings of climate change impact their instructional practice and 
implementation of a climate change centered curriculum. Additionally, I sought to understand 
what impact that has on student outcomes.  
Research Questions  
Question 1: How do teacher beliefs about climate change influence their classroom instruction of 
climate change curriculum? 
Question 2: How does teacher understanding of climate change influence their classroom 
instruction? 
Question 3: What impacts do teacher beliefs and understandings about climate change have on 
student outcomes? 
Research Design 
This study incorporated characteristics of traditional research. The intended purpose of a 
traditional research study is for the researcher to draw conclusions from the data, to advance the 
field. Insights gathered through the study can be generalized and applied to other settings 
(McMillian & Wergin, 1998). The practical implications of this research must be considered, as 
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the purpose is to focus on improvement in the field of science education and practical 
significance with a limited amount of generalization to climate change education.  
A mixed methods design was chosen based on the findings of the literature review on 
teacher beliefs, and subsequent research questions designed to best research the issue. Because of 
the complex exchanges between teachers’ implementation of curriculum and student actions, and 
the variety of data available to document these interactions, including observations, interviews, 
and surveys, quantitative and qualitative data were collected to best capture these exchanges. 
Due to the complex nature of teacher beliefs related to climate change and the limited amount of 
research that has been completed in the area, it was not clear how these beliefs influenced their 
classroom practice. Therefore, a set of three research questions were developed to better 
understand how science teacher beliefs influence their practices, specifically the implementation 
of a designed curriculum and how those practices influence student outcomes. It was necessary 
to use a mixed methods research design due to the variety of data collected from teachers and 
students to fully understand the research questions of this study and to achieve triangulation 
within the research. The use of multiple research methods in examining the questions allowed 
me to examine the same dimension of a problem while discovering convergence of the data 
collected through the multiple methods (Jick, 1979). Because of the complex interactions and 
types of qualitative and quantitative data collected throughout the study, including teachers’ 
exchanges with the curriculum, teacher and student interactions, and students’ responses to the 
curriculum intervention a mixed methods design is the best fit for the study. The varied data 
sources within the study, both qualitative and quantitative, required collection instruments to be 
developed to be able to best answer the research questions; these will be further explained in a 
later section.  
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A research approach using mixed methods is defined in as a study ‘‘in which the 
researcher gathers both quantitative (closed-ended) and qualitative (open-ended) data, integrates 
the two and then draws interpretations based on the combined strengths of both sets of data to 
understand research problems’’ (Creswell, 2014, p. 2). A mixed methods approach to educational 
research utilizes both quantitative and qualitative methods in order to “draw from the strengths 
and minimize the weakness of both in single research studies” (Johnson & Onwuegbuzie, 2004, 
p.14-15). The strengths of my study include extrapolating data about teachers’ beliefs through 
qualitative interviews and quantitative surveys. I also employed quantitative data collection 
methods to support understating of climate change by teachers and students rather than using 
self-reported level of knowledge to determine this.  This approach is a commonly used in 
education research and recognized for its practical implications that allow the researcher to 
assess meaning from the research study.  Mixed methods studies allow the researcher to collect 
data using different strategies, which results in complementary strengths and nonoverlapping 
weaknesses allowing for a more comprehensive analysis of the data (Brewer & Hunter, 1989). 
Lastly, mixed methods research studies are becoming increasingly popular due to logic and 
intuition, which are appealing parts of the process (Onwuegbuzie & Leech, 2006). 
The continuum that exists among mixed methods research studies can fall anywhere from 
not mixed, to fully mixed, with partially mixed existing in between (Johnson & Onwuegbuzie, 
2004). Johnson and Onwuegbuzie (2004) describe possible mixed methods designs, which 
involve either partially mixed (P) or fully mixed (F) designs. The described methods in the study 
also vary in the level of mixing that occurs among the data. Studies can give equal status to both 
qualitative and quantitative data, or dominate status to one of the methods. Lastly, studies can 
either be sequential or concurrent in time order.    
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The best fitting design for this study, based on the review of the literature, the defined 
research problem and aligned research questions of the study, the study implemented a fully 
mixed concurrent equal status (F1) research design. This indicates that quantitative and 
qualitative data was concurrently collected throughout the research process and both types of 
data were given equal status (Leech & Onwuegbzie, 2009).  An F1 design was used for this 
study because of the types of data collected, which consisted of both qualitative and quantitative. 
Within this F1 study, equal status of both qualitative and quantitative types of data and both were 
held to the same regard. This was important for the process of analysis, as multiple forms of data 
were collected from teachers and students throughout the study. The other types are not 
appropriate, as they either give dominant status to one type of method or are sequential in time 
order (Johnson, & Onwuegbuzie, 2004).  
Because the study encompassed both qualitative and quantitative data collection methods, 
the role of the researcher in both designs needed to be addressed. In most quantitative research 
study designs the researcher determines which variables to investigate, forms a hypothesis, 
collects data, and lastly analyzes/interprets the data. This process allows the researcher to 
identify possible relationships between, or among, the data sources and develop theories by 
which to further test. Because of the nature of mixed methods studies, which include the 
collection of both quantitative and qualitative data; the role of the researcher was examined. It is 
the responsibility of the researcher to determine the variables by which to investigate, makes 
nonbiased instrument selections, and determines fitting analysis methods for the data collected.  
Qualitative research studies are described as an observation and interpretation of things 
occurring in the natural world by which the researcher attempts to bring meaning to the 
phenomena (Denzin & Lincoln, 2005). Qualitative research studies are often explanatory and 
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descriptive. As with quantitative approaches, it is important to note the role of the researcher. 
Special consideration is given to the researcher in qualitative studies, as they are not simply an 
independent observer of the investigation, but rather an integral part of the research. It is 
important that within research studies the researchers reflect on their position and attitude 
throughout the investigation as not to bias the investigation (Marshall & Rossman, 2014). With 
this mixed methods research approach the researcher maintains a neutral stance within the setting 
in order to collect nonbiased data, while still learning from the participants within the study. This 
will be further addressed in a later section.  
According to Greene et al. (1989) the major rationales for conducting a mixed methods 
study are to promote triangulation among the data and complement the results of one method 
with the other. Further, a mixed methods approach can lead the researcher to an initiation of a 
different or new path to contradictory discoveries, which can reframe the research questions. 
Mixed methods allow for further development of findings from one method with the other, and 
finally, expansion of the study, which is permitted by using multiple methods of analysis to 
widen the range of the research.  
The mixed methods design gives the researcher the option to carry out quantitative and 
qualitative approaches within or across all stages of the research (Johnson & Christensen, 2004). 
It is the decision of the researcher whether to emphasize one paradigm over the other, or give 
equal status to both approaches (Morgan, 1998 and Morse, 1991). Another important 
consideration of a mixed method design is the time order of qualitative or quantitative phases; 
these phases can be carried out concurrently or subsequently (Johnson & Onwuegbuzie, 2004). 
Additionally, using a mixed methods approach incorporates conceptualization of the data for 
interpretation.  
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Research Setting  
 The study took place in a large metropolitan coastal area located in the Southeastern 
United States. The school district employs over 15,000 teachers who educate over 200,000 
students annually. It is the eighth largest in the country, with over twenty-six public high schools 
located in a variety of settings, including urban, suburban, and rural (County School District, 
2015).  
Population and Sample 
The Climate Change Narrative Game (CHANGE) is a National Science Foundation 
(NSF) funded project (NSF Grant #DRL-1316782) that focuses on the development of climate 
change curriculum for inclusion in high school elective marine science courses. ‘Alpha’ teachers 
played a large part in the development and piloting of the materials.  These teachers were 
specifically selected by the CHANGE project with the assistance of the Districts’ secondary 
science supervisor for their expertise and experience teaching marine science within the school 
district. Through the work of University of South Florida and the alpha teachers, the NSF 
CHANGE project aims to help high school students learn complex global climate change science 
by making it personally relevant and understandable through the use of an eBook narrative text 
and game-based simulations based on scientific data and hands-on classroom activities.  
The curriculum materials maintain a local, place-based approach that focuses on the built 
and natural environment. The effects of global warming have been portrayed in many different 
ways, often with descriptions of polar bears stranded due to ice caps melting. While this may 
stimulate compassion, the setting is distant from the experiences of most of the world’s 
population. A place-based approach may be more effective in teaching science students about 
climate change science. 
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Placed-based education is grounded in student learning of specific regional locations 
where the learning takes place, allowing students to feel connected to their community within the 
context of classroom activities (Smith, 2002). Working together with their classmates to 
investigate real-life problems within their community, students foster support for improvement 
of their neighborhoods (Smith 2007). Sea-level rise is a substantial problem for those living near 
the coasts, and therefore a significant problem for many students living in the Southeast region of 
the United States, where the study took place. 
This curriculum was specifically designed by the CHANGE project in conjunction with 
the alpha teachers to embed climate change science contents into the currently existing 
curriculum for the County’s secondary marine science classrooms. The project’s goal was for 
students to gain a better understanding of the impacts of climate change on the built and natural 
world within the place-based setting of the southeast U.S. Further, it aimed to motivate students 
by connecting climate change and sea level rise to students’ everyday lives where they live 
(Hallar, McCubbin, & Wright, 2011; Theobald, 2006).  
 The project fulfilled these goals and addresses the questions through the following 
principles.  
• Incorporated into existing curriculum – Marine Science 
• Scientifically realistic text narratives about future Florida residents (text stories with 
local Florida characters, 50-100 years in the future based on Global Climate Change), 
• A local, place-based approach grounded in Gulf coast scientific data, 
• A focus on the built environment, 
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• Simulations & games based on scientific data to help students learn principles of GCC so 
students can experience and try to cope with potential long term effect of GCC via role-
play and science-based simulation, and 
• A web-based “intermedia” eBook narrative where sections of narrative text alternate 
with simulations/computer games.1 
• Hands-on activities that teach climate change science and science/engineering practices. 
The project has been in progress for four years. During the first two years curriculum 
materials were developed and piloting of those materials took place in four marine science 
classrooms of the alpha teachers. During this time formative data were gathered in the form of 
focus groups comprised of the alpha teachers and their students, classroom observations of the 
alpha teachers teaching the designed curriculum, student and alpha teacher surveys, midterm and 
final exams, and teacher interviews for formative evolution purposes. Modifications of the 
materials were made based on the results of the formative feedback. In year three the complete 
curriculum was piloted from the beginning of the 2015 school year until the spring of 2016 with 
eight teachers teaching all nine units. In the 2016-2017 school year all marine science teachers in 
the twenty-six high schools in the county with marine science courses implemented the 
curriculum.  
The curriculum consists of nine units, which are broken into two separate semesters. 
CHANGE materials are embedded into the existing curriculum, taking anywhere from 2-6 class 
periods per unit.  
Semester 1 																																																								1	The term intermedia was defined by Dick Higgins (Higgins & Higgins, 2001). It refers to works of art that “fall 
conceptually between media that are already known” (p. 52). The eBook provides a narrative passage where the 
CHANGE materials are found and combines existing media of electronic books, print books, and educational 
games.	
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• Ocean Exploration 
• Marine Geology 
• Marine Chemistry 
• Estuaries 
Semester 2  
• Marine Physics 
• Populations: Producers 
• Populations: Invertebrates 
• Populations: Vertebrates 
• Capstone  
Because of the inclusion of CHANGE curriculum content embedded into the district-
wide semester exams, teachers are motivated to use the CHANGE curriculum materials 
designed. I specifically observed curriculum taught in the first semester, including the units 
“Ocean Exploration”, “Marine Geology”, and “Marine Chemistry” as these units serve as 
foundational knowledge for understanding the causes and implications of climate change. See 
timeline below (Figure 1) 
  
Figure 1. Timeline of Study* 
*Represents the timeline of study; some data have been previously collected for the CHANGE 
project.  
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The Ocean Exploration Unit introduced students to the concept of greenhouse gasses, 
describes the differences between climate and weather, as well as the concept of mean sea level 
and sea level rise. Students engaged in hands-on and web-based curriculum that allowed them to 
construct a model demonstration of the greenhouse effect. In the lab they measured the increase 
of temperature inside a model due to the increased levels of CO2. Additionally, in ocean 
exploration students produced a virtual and real-life model of a sea level gauge and interacted 
with climate events that influence the mean sea level.  
Next, the Marine Geology unit engaged students with evidence of Florida’s past sea 
level. Through a virtual field trip along Florida’s coast and examination of sediment samples 
from all across the state, students can make evidence-based claims about past sea level and 
determine impacts of future sea level rise.  
Lastly, in the Marine Chemistry unit, students gained a better understanding of the 
properties of water through modeling and examination of the thermal expansion of water and 
ocean acidification. They used the data collected in the thermal expansion experiment to make 
predictions about the future of sea level rise in Florida through physical and mathematical 
modeling. Through the ocean acidification lab, students were able to observe the harmful effects 
of lower pH of ocean waters on marine life.   
Participant Selection 
The selection of teacher and student participants was purposeful, and did not include the 
alpha teachers as participants due to potential bias and their ‘insider’ role within the project that 
will be discussed in greater detail within the methods section. Purposeful sampling is commonly 
used in non-probability sampling (Denscombe, 2014). Teachers were selected after completion 
of the teacher survey, which was administered at pre-school planning and development days in 
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early August. Of the participants that completed the survey, only ten were identified as possible 
participants for the project and were contacted. Of the ten that were contacted, four agreed to 
take part in the study. 
The student participants were selected based on the teachers that were chosen for the 
study.  Students in the marine science classrooms are typically 11th-12th grade students who 
represent varying student populations within the schools. Some of the students who elected to 
take the course showed expressed interest in the marine or life sciences while other students are 
taking the course to fulfill state required science credits instead other science courses, such as 
physics or an advanced placement (AP) science course.   
A selection of four teachers served as a sample of examination of the population for the 
research study. This samples size was chosen because it provided a representative sample of the 
larger teacher population (Denscombe, 2014). This is important, because selected samples used 
in research studies are intended to describe characteristics of a population through examining 
smaller samples of the population (Joyner, 2005).  Teachers were chosen based on results of the 
teacher survey and they provided a diverse representation of the population results.  
Specific teacher characteristics were used to determine the purposeful sample selected. 
One was the amount of instructional time provided on climate change in their classrooms. This 
variable was selected to understand the differences students understanding and willingness to act 
based on the teachers who indicate extensive instruction versus those which indicate little or no 
instruction of climate change topics at all.  The next characteristic was their understanding of the 
causes and impacts climate change has, and will have, on the earth and their personal lives. 
Another was teachers’ beliefs about the causes and impacts of climate change and beliefs about 
personal mitigative actions that can be taken were examined.  Characteristic used was their 
	 	 55	
concern for personal harm caused by climate change. The survey variables described above were 
examined to determine whether or not each individuals’ reported instruction, beliefs, 
understandings, and level of concern for climate change impacts their instruction of the climate 
change curriculum. The teacher participants and students were also included in the study and the 
corresponding survey and midterm data was collected from that population. A diagram that 
further shows the relationship being studied can be seen in Figure 2 below. 
 
 
Figure 2. Impact Relationships* 
*Demonstrates the flow of the relationship among Teacher Beliefs, Classroom Practice, and 
Student Outcomes 
There are 27 secondary marine science teachers in the county. A response rate of 90% for the 
teacher survey was expected, as most of the marine science teachers, 23 of the 27 possible 
teachers were at the professional development day on August 4, 2016 in which the paper survey 
is distributed and collected.  However, I obtained a 78% response rate, as 18 surveys were 
collected from the teacher participants.  A non-biased response was expected due to the 
Teachers’	beliefs	about	climate	change	science	 
Teachers’	instructional	practices 
CHANGE	curriculum	materials 
Effects	 on	students 	 	
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representation of the participants based on the population. The selection of teacher participants 
chosen represent a continuum along the categories shown below in Figure 3. Figure 3 categorizes 
the traits by which teacher participants were chosen for the study.  
 
 
 
 
Figure 3. Variables for Participant Selection* 
*The figure represents the variable included in selecting teacher participants for the study 
The teacher participants selected had varying levels of climate change knowledge as 
determined from the survey. Mrs. Walters had a high level of understanding, while Mrs. Bradley 
and Mrs. Roe had medium levels of climate change knowledge and finally, Mrs. Gary had a low 
level of climate change knowledge in the pre-survey. The teachers were also selected based on 
their reported varying amount of instructional time spent teaching climate change previously. 
Mrs. Roe indicated she taught between “some” and “extensive/explicit” amount of instruction of 
climate change topics, while Mrs. Bradley and Mrs. Walters indicated they taught only “some” 
amount of climate change topics, and Mrs. Gary identified as teaching only “little/implied” 
amounts of climate change science topics.  
Next, their ability to identify causes and mitigation efforts served as a variable for 
selection. In the pre-survey, Mrs. Walters was the only participant who did not identify ozone 
and nuclear energy as a likely cause of climate change, therefore she represented the participant 
with the fewest initial misconceptions about the causes of climate change.  Mrs. Bradley fell 
somewhere in the middle, ranking all items as most likely causes of climate change, but leaving 
Level	of	understanding	of	climate	change	science		
Amount	of	instructional	time	spent	teaching	climate	change	 	
Level	of	personal	concern	for	climate	change		
Ability	to	identify	the	causes	and	mitigation		 	
	 	 57	
nuclear energy and ozone depletion as only likely causes. Mrs. Gary and Mrs. Roe were least 
able to identify the possible causes of climate change among the participants. Mrs. Gary ranked 
all items as likely causes, with the exception of ozone depletion, which she listed as a most likely 
cause. Mrs. Roe listed all items as most likely causes, with the exception of nuclear energy, 
which she listed as a likely cause.  
Lastly, the final variable, level of concern for climate change was determined for the 
participant selection. Mrs. Bradley had the greatest level of initial concern for climate change, 
indicating in the survey that she was “very much” concerned in all areas of the survey items. 
Mrs. Roe and Mrs. Gary had relatively low initial levels of concern for climate change, 
indicating that they were mostly “somewhat” concerned for climate change, with Mrs. Roe being 
slightly more concerned for climate change in level of worry and for future generations. Mrs. 
Walters had a slightly lower level of concern than both Mrs. Gary and Mrs. Roe, ranking all 
items as being only “somewhat” concerned. Table 1 below describes the teacher participants and 
their backgrounds.  
 
 
 
 
 
 
 
Table 1: Teacher Participant Backgrounds* 
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Teacher 
Participa
nt  
Background  Number of 
Years 
Teaching 
Title I 
School 
Level of 
Understa
nding 
Beliefs 
Measur
ed  
Level 
of 
Concer
n 
Amount 
of GCC 
Instructi
on  
Formal 
Teacher 
Ed.  
Walters Human 
Resources 
11-20 Y High Low Low Med N 
Bradley Economics/
Social 
Sciences 
6-10 N Med Med High  Med Y (Not 
Science)  
Roe Veterinary 
Technician  
11-20 Y Med Med Med High  N 
Gary Chemistry 6-10 N Low High  Med Low N 
* Teacher participants’ descriptions and background information  
Ethical Consideration 
The following steps were taken to protect the rights of the teachers and students within 
the context of study. Informed consent was obtained from the participants for classroom 
observations, teacher interviews, and teacher/student surveys (See Appendix A). Students read 
the assent form and given the opportunity to remove themselves from the study (See Appendix 
B). In addition, I followed the school district’s outlined good research protocols. Formal consent 
for the CHANGE research study was obtained through approval of the Deputy Superintendent. 
Lastly, The Western Institutional Review Board (WIRB) required submission and acceptance 
before conducting research. Methods and informed consents were submitted to the WIRB for 
approval to start the study.  
I have completed the Florida IRB Student Researcher Workshop for certification course 
at the University of South Florida September 9, 2014, which will expire in three years on 
September 9, 2017. This certificate is sufficient for conducting Human Subjects Research at the 
university. (See Appendix C) A priority of the research is to remain ethical throughout the study. 
The human subjects who participate in the study remained anonymous and their rights and 
	 	 59	
privacy remained the top priority of the researcher throughout the study (Fink, 2003).  The 
following measures were taken to ensure participant anonymity:  
1. Pseudonyms were used for all the participants and their school sites. The surveys, 
observation protocol, interview audio recordings, and any additional identifying data will 
remain confidential and was stored on the secure cloud and labeled with their 
pseudonym. Actual names of participants were removed from any documents provided 
by the participants and kept in a confidential location. 
2. Participants were not identified at any time. Actual names or schools were provided 
solely to the chairman of the researcher’s committee when deemed necessary.  
Data Collection 
 Components of both quantitative and qualitative data were collected from the teacher 
survey, the student pre- and post-survey, and the classroom observations. Strictly qualitative data 
were collected through the open-ended teacher interviews and field notes collected during 
classroom observations. Quantitative-only data were collected in the form of the student midterm 
exam data. An overview of the study can be found on the timeline (Figure 1) and a summary of 
the research questions and tools are aligned in (Table 2).  
Student survey data, and teachers survey data collected by the CHANGE project from 
teachers and students gathered information about their understandings and beliefs of climate 
change. The teacher survey was administered as a paper survey, and the data were put into an 
Excel spreadsheet and used to determine possible participants of the study. The survey was 
administered again to the teacher participants, in January, after completion of the fall semester 
and compared with the results of their initial survey.  Four classroom observations for each 
teacher were conducted using the observation protocol (electronic version) to provide the 
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information needed to determine the classroom teachers’ implementation of the designed 
curriculum. In addition to the field notes collected for supporting evidence of synthesis ratings, 
informal field notes of conversations I have with the teacher participants were recorded in the 
narrative section of the protocol.  The face-to-face open-ended interviews of the teachers 
occurred during the end of the first semester, after they taught the four lessons observed. The 
purpose of the interview was to help me further understand teachers’ beliefs about climate 
change and their reported impact of those beliefs on their classroom practices. Students’ midterm 
exam data were collected via the district data collection process at the end of the first semester, 
during the second week of December 2016. The results of the midterm informed my 
understanding of how teacher beliefs and understandings of climate change and the subsequential 
impact on classroom practices of a defined curriculum influence student understanding of 
climate change science. The post-student survey was administered electronically through the 
CHANGE project portal upon completion of the first semester.  
 
Table 2: Data Collection Plan* 
Research Questions 
 
Data Methods 
Question 1: How do teacher beliefs 
about climate change influence their 
classroom instruction of climate change 
curriculum  
Teacher survey, classroom 
observation protocol, teacher 
interview.  
Audio-recording, 
field notes, 
interview  
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Table	2:	Continued			
Research Questions 
 
Data Methods 
Question 3: What impacts do teacher 
beliefs and understandings about 
climate change have on student 
outcomes? 
 
Teacher survey, student survey, 
semester exam 
Audio-recording, 
field notes, open-
ended interview 
*Data collection instruments and methods  
Instruments 
The objective of the study was to gain a better understanding of how teacher beliefs 
impact the implementation of the curriculum and how that affects student understanding of 
climate change science and willingness to take action. One of the instruments used at the 
beginning study was the teacher survey, which was aimed at uncovering teachers’ beliefs and 
understanding of climate change. The survey was adapted from the CACCE teachers survey 
(Herman, Feldman, Vernaza-Hernandez, 2015), the Yale Six America’s survey (Leiserowitz, 
2011), and the Bostrom (1994) survey of educated lay people and their understanding of climate 
change. The survey was created in summer 2015 and piloted with 12 secondary marine science 
teachers in August 2015 at the pre-school planning and development days. The purpose of a pilot 
study is to perform a trial of the instrument before it is used for research purposes (Baker, 1994). 
The survey was comprised of 21 questions, including open-ended, rank ordered, and Likert-scale 
type questions and an additional 12 content questions related to the units taught in the first 
semester (See Appendix D). The teacher survey instrument was used in the study to identify and 
categorize teachers’ understandings of climate change as being low, medium, or high, based on 
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their score of climate change content measured in the teacher survey. The survey also rated their 
beliefs about the causes and implications of climate change through Likert-type questions. The 
survey asked teachers to report on their classroom instruction of climate change, whether it was a 
significant part of their current instruction, and how frequently they included climate change 
topics in their teaching. The survey also asked teachers to provide the amount of climate change 
instruction present in their practice, express their level of concern about the impacts climate 
change would have on them personally, and rank personal actions that would mitigate climate 
change impacts. The administered teacher survey was used to purposefully select teachers who 
represented a variety of beliefs about climate change related to their instruction. The categories 
from the survey gauged the level of understanding of climate change science, amount of 
instructional time spent teaching climate change, ability to identify the causes and mitigation 
efforts of climate change, their definitions of climate change and personal.  
Further data were collected from the selected teacher participants in the form of 
classroom observations and field notes using the CHANGE classroom observation protocol tool. 
(See appendix E) Field notes consisted of narrative data collected throughout the observation and 
informal conversations had with teachers before, during, or after the observation. The classroom 
observation tool was developed using the “Horizons Classroom Observation Protocol” (Sawada, 
et. al., 2002). The adapted instrument was developed in January 2016 and piloted in two marine 
science classrooms in the school district where the study was implemented. The secondary 
marine science classroom teachers used in the pilot were teaching the CHANGE curriculum 
“Populations Producers Unit” in February 2016 and “Capstone- Human Impact Unit” in May 
2016 when the observations were conducted.  
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The instrument uses a Likert-type scale in combination with field note data to measure 
teacher implementation of the designed curriculum including instruction, science content, and 
instructional impacts on student understanding. The results from the pilot study conducted with 
the instrument in the 2015-2016 school year were discussed among the research group of the 
CHANGE project. Modifications to the observation protocol were made based on the formative 
feedback received from the principal investigators (PIs) of the project after discussing the result 
from the pilot. The most significant change made to the document was the option and space for 
inclusion of qualitative data to support each of the Likert-type responses.  
The protocol (See Appendix E) included five sections of observational tools by which the 
researcher rated the individual indicators within each section using a Likert-scale type rating. 
The first section rated implementation and teacher instruction of CHANGE materials. Sections 
two rated the science content taught in the lesson. Section three measured the impacts of 
instruction on student understanding and interest of climate change. The next section rated 
impacts of instruction on student understanding of how their actions relate to climate change. 
Lastly, the final section was comprised of 1-2 pages of narrative, which served as field notes to 
record informal conversations had with teacher participants that describe what happens in the 
lesson and provided a rich level of detail to the reader in order to gain a sense of having been 
there. In addition to the ranking measurement system within the protocol, each section was 
supported with a synthesis rating, which rates the overall section and was accompanied with a 
written description of evidence to support the synthesis rating. 
Semi-structured open-ended interviews were used during the teacher interview (See 
Appendix F). This allowed the flexibility for participants to give new meanings of their own 
while answering the questions, but also allowed for maintaining the specifics to be addressed in 
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my research questions (Galletta, 2013). Semi-structured interviews are instrumental in creating 
opportunity for narratives to unfold while including questions that are guided by theory. This 
method of questioning allowed for a general guideline of questions while still leaving room for 
the possibility of follow-up questions to better understand the participants’ position on teaching 
climate change (Galletta, 2013).  The interview helped to better define the teachers’ beliefs about 
the causes of climate change, the impacts it had on earth and their personal lives, as well as their 
willingness to take actions to mitigate the effects. These data were used to determine how teacher 
beliefs influence their classroom practice and implementation of the curriculum. Parallels were 
drawn based on their responses to the interview and the implementation of the CHANGE 
curriculum.  
The teacher participants were interviewed face-to-face using the interview protocol 
instrument designed in Fall 2015. Using the research questions to guide the development of an 
additional research instrument to further understand teacher beliefs of climate change, interview 
questions were developed for the teacher interview. The interview consisted of six open-ended 
questions with four of the six having follow-up questions. The questions aimed to uncover 
science teachers’ beliefs about teaching climate change and further understand how their beliefs 
impact their instruction (See Appendix F). The teacher interview was piloted in fall 2015 with 
one preservice middle grades science preservice teachers and was later piloted again in the spring 
with an in-service secondary marine science teacher who was involved with the design and 
development of the CHANGE project curriculum. In addition, in the spring of 2016, the 
interview was also piloted with two preservice middle grades science residents. Changes were 
made to the wordings of the questions and additional follow-up questions were added to question 
one.  
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The student survey used in the research was developed and modified in 2014 primarily 
from the Bostrom, et al., (1994) study that surveyed educated laypeople about their 
understanding of climate change as well as the causes and implication of the climate change on 
earth and humans’ lives. The Coastal Area Climate Change Education (CACCE) student survey 
(Herman, 2015) also served as a model that aided in development of the student survey (See 
Appendix G) used in this study. Three additional surveys that were further investigated for the 
development of the instrument used in my research were from Boon (2010), Dawson and Carson 
(2013), and Reynolds (2010). These were chosen for being contemporary, as well as similar to 
the research area, and validity. Boon’s significant findings suggest that preservice teachers have 
a greater understanding of the greenhouse connection to climate change, yet both groups has 
similar misunderstandings of the scientific processes of the greenhouse effect.  
Reynolds (2010) study compares results from a survey administered in 1992 and 2009. A 
chi-squared test was used to measure the distribution of categorical responses to the survey and 
ANOVA to distinguish between responses across time periods. Statistical significance was found 
in awareness of anthropogenic induced climate change with and increase of 9% of respondents in 
2009 describing it as “impossible” (χ2 (4) = 65.9, p < 0.001), and 40% of the people surveyed 
were less likely to be able to determine the difference between weather and climate in 2009 (z = 
3.57, p < 0.001). In Dawson and Carson’s (2013) study, designed a questionnaire was completed 
by 438 student participants ages 16-17 in four areas. 1. Importance of environmental topics. 2. 
Understanding the greenhouse effect. 3. Information about climate change. 3. Understanding of 
the science of the greenhouse effect and climate change. The questionnaire measured found that 
nearly one third of students stated the greenhouse effect protected earth from ultraviolet 
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radiation, and nearly half thought the greenhouse effect was caused by ozone gas. These findings 
helped to generate items used in my survey instrument.  
The survey was distributed and piloted in spring 2015 and modified summer 2015. 
Modification included the rewording of questions, the removal of the neutral category, and the 
survey was turned from paper into an online version. The survey was again piloted in the fall of 
2015 with over 200 marine science students in the district where the study was implemented. The 
survey used a combination of Likert-scale and rank order questions to measures students’ 
understandings regarding the causes of climate change, the impacts climate change will have on 
the built and natural world, and their willingness to take mitigative action. The survey consisted 
of eight questions, one open-ended question, two rank-ordered questions, and five Likert-scale 
type questions aimed at uncovering students understanding of climate change science and their 
willingness to take personal mitigative action to help slow or prevent the negative impacts of 
climate change. Cornbach’s alpha statistical analysis was used to measure the internal 
consistence of the survey. The alpha coefficient for the Likert-type questions is .841, suggesting 
that the items have relatively high internal consistency.  
The students completed the exam at the end of the semester in mid-December. Of nearly 
60 questions asked of the students in the semester exam 15 pertained to the CHANGE materials 
taught within the “Ocean Exploration Unit”, “Marine Geology Unit”, and “Marine Chemistry 
Unit.”  The items from the semester exam, which specifically related to the proposed observed 
lessons of the research study, are listed in the Appendix (See Appendix H). The items listed are 
the exam items that were further examined to analyze student understanding of climate change 
science. The semester exam was piloted in fall 2015. Item analysis was conducted on each 
question and revisions were made in spring and summer of 2016 to meet the requirements of 
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exam questions by the school district. Changes included the rewording of exam questions, the 
removal of outliers, and addition of appropriate distractors.   
Validity and Reliability 
Validity refers to the extent by which an instrument measures what it is intended to 
measure (Johnson & Christensen, 2012). Due to the nature of the methodology guiding my 
research questions and subsequent methods and instruments designed to best answer these 
questions my research study required a mixed process of validation. Validity in my study was 
achieved through the process of triangulation; construct validity, and member checking. Through 
triangulation data from multiple sources can be corroborated and quantitative statistical findings 
from the study were validated with the results of the qualitative findings (Creswell et al., 2003; 
Johnson & Christensen, 2012). Triangulation can help a researcher increase trustworthiness and 
dependability of the data and interpretation. Construct validity attempts to obtain agreement 
between specific instrument(s) or procedure and a theoretical concept (Johnson & Christensen, 
2012). Evaluation of the construct validity of the instruments occurred during the 2014-2015 and 
2015-2016 school year during which the pilot studies took place.  Member checking also referred 
to as respondent validation (Merriam & Tisdell, 2015) occurred during the pilot study in 2014-
2015, which feedback was obtained from interviewees and members of the CHANGE project. 
The process of member checking continued during data collection and throughout the study with 
members of the CHANGE project.   
Reliability refers to the dependability, consistency, and replicability of the results 
obtained from the research (Brown & Coombe, 2015). Reliability has been established among 
the quantitative data instruments through test-retest method, and Cornbach’s alpha, which 
measures internal reliability. These tests of reliability occurred during the 2015-2016 school year 
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and pilot study. When considering qualitative instruments it is more important to think about the 
dependability and consistency of the findings demonstrated by the researcher. Multiple strategies 
have been described by Merriam (2015) to increase the reliability of the study.  The first of 
which is employed by this study is triangulation, in which the researcher incorporates multiple 
methods of data collection within the study. The next strategy to ensure reliability is considering 
the investigator’s position or reflexivity, which indicates how I am affected and affect the 
research process and lastly, the existence of an audit trail, which will describe in detail how data 
was collected and analyzed. These steps were carefully taken throughout the research to ensure 
appropriate and ethical measures were taken while the study was carried out.  
Data Analysis 
For the purpose of the study, I engaged in the process of data reduction of the qualitative 
data collected in the surveys, field notes of the protocol during classroom observation, and 
teacher interview. This process involves thematic analysis of the coded data (Saldana, 2015). 
Codes are defined by Hesse-Biber (2010) as “labels” (descriptive and/or analytical) given to 
segments of data taken from a variety of sources” (p.99). Thematic coding was appropriate to the 
study because it allowed me to identify common themes within and across the qualitative data 
collected and categorize it to create a framework of thematic ideas about the data (Gibbs, 2007). 
Data were coded and analyzed using HyperRESEARCH, a software analysis program, which 
allows for computer-assisted theory-generating components in grounded theory and mixed 
methods analysis (Hesse-Biber, Kinder, & Dupuis, 2013).  
 Data transformation through the use of the computer-assisted data analysis software, 
HyperRESEARCH, were completed as qualitative data were received through teacher interviews 
and observations (Hesse-Biber, Kinder, & Dupuis, 2013). This helped me to develop themes and 
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patterns that existed among the multiple data sources to uncover teachers’ beliefs about climate 
change and impacts on classroom instruction and the implementation of the designed curriculum. 
The results of the analysis of the observation field notes were compared and contrasted with the 
results of the teacher interview and teacher survey to determine the type of relationship that 
existed between these three data sources.  
The following sequence were used for qualitative data analysis:  
1) Examination of the qualitative data by reading and rereading the written responses on the 
surveys, field notes from observations, and interview transcripts. 
2) The data from surveys, classroom observations, and interviews, were analyzed for 
similarities and/or differences segments from each data source were then sorted based on 
their relation to each of the research questions. 
3) Labeling the data segments occurred through inductive coding generated after the data 
collection, as I examined the data. 
4) Frequency distributions were generated for the codes. The frequency by which each code 
occurred was determined and converted to percentages. 
5) Similar codes were then grouped together. 
6) Themes were generated from grouped codes and frequencies. 
7) Examining the themes identified patterns of teachers’ beliefs, about climate change and 
impact on classroom practice and how that influences student outcomes.  
8) Member checking was done to improve the quality of the findings and conclusions 
(Johnson & Christensen, 2012; Miles & Huberman, 1994).  
Quantifiable qualitative data collected using the protocol were converted to quantitative 
scores and analyzed using descriptive analysis. The implementation of the curriculum and 
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instructional practices through classroom observations was converted into numeric scores using 
the synthesis scoring and ranking data for each category and analyzed (Onwuegbuzie & Leech, 
2006). Data display, a method that involves the pictorial description of the data, was done 
through generation of graphs, tables, charts, and other figures to represent the findings of both 
qualitative and quantitative data within the observation protocol.  
Because the study had multiple data types, analyses were compared for both quantitative 
and qualitative data and the strength of the relationship between both data types was measured 
(Jick, 1979). For example, analysis of the teacher survey data was compared with both teacher 
interview data and classroom observation data to measure the association between the variables 
using Pearson Correlation Coefficient. Lastly, the data were integrated into one coherent whole 
picture for interpretation.   
Quantitative data collected throughout the study was analyzed with SAS (Statistical 
Analysis System), a program for statistical analysis. Quantitative data were gathered from the 
teacher survey, student survey, and semester exam. These data sources helped determined the 
impact of teacher instruction on student understanding, as well as whether a relationship exists 
between the teachers beliefs about climate change and implementation of instruction and how 
that affects student understanding as well as the willingness of teacher action and student action. 
The use of inferential statistical analysis including the Wilcoxon signed ranked test (Wilcoxon, 
1945) was used to analyze ranked-ordered data of the student and teacher survey to uncover this 
relationship. This  was used in place of a traditional test because the non normal distribution of 
the data. The data were ordered (ranked) both in the ranking questions, and when the Likert-type 
responses are quantified. The Wilcoxon test, and the ANOVA test were used to analyze teacher 
survey results with students to attempt to see if there were a significant difference between and 
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among the teacher participants and their students. This test was also used for additional analysis 
via SAS to analyze data collected from the semester exam to identify possible prevailing 
misconceptions that existed among the student population of an individual teacher.  
  Pearson correlation analysis was used to explore whether a relationship existed between 
teacher understanding of climate change as gathered from the teacher survey and student 
understanding based on the results on semester exam and student survey. Correlational studies 
attempt to understand patterns that exist among the different variables being measured. While 
causation cannot be proven through this type of study, it can be useful in helping to make 
predictions regarding the variables or even in developing a theory to explain the phenomenon. 
Comparison and contrasting of quantitative and qualitative findings took place in attempt to 
understand the differences and triangulate the data.  Table 3 provides a diagram to help represent 
the analysis of all data sources collected.  
Table 3: Data Collection and Analysis Plan   
Research Questions 
 
Data Methods Analysis  
Question 1: How do 
teacher beliefs about 
climate change influence 
their classroom instruction 
of climate change 
curriculum  
Teacher survey, 
classroom 
observation 
protocol, teacher 
interview.  
Audio-recording, 
field notes, 
interview  
Thematic 
Coding 
PPMCC  
ANOVA 
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Table	3:	Continued			
Research Questions 
 
Data Methods Analysis  
Question 3: What impacts 
do teacher beliefs and 
understandings about 
climate change have on 
student outcomes  
(understanding of climate 
change and willingness to 
take action)? 
 
Teacher survey, 
student survey, 
semester exam 
Audio-recording, 
field notes, open-
ended interview 
Thematic 
Coding 
PPMCC 
Wilcoxon 
Ranked Sign 
Test  
ANOVA 
 
*Represents the data collected from the instruments and the proposed analysis plan for the 
study.  
Role of the Researcher 
It was important to consider my personal motivation for the research study, and attempt 
to clarify my role in the qualitative component of the research study, which requires reflexivity 
(Creswell, 1994; Crotty, 1998). Researchers typically identify as either an “outsider” or “insider” 
(Bonner & Tolhurst, 2002). Insiders are defined as researchers who belong to the group, which 
they are studying, and outsiders are those who do not. There are advantages and disadvantages to 
each; for example, insiders can be less objective due to their familiarity with their subjects and 
the setting, making them subject to assumptions based on prior experiences (DeLyser, 2001; 
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Gerrish, 1997; Hewitt-Taylor, 2002; Pitman, 2002). Outsiders have been referred to as non-
natives who simply drop into situations and vanish almost immediately (Gerrard, 1995). As an 
insider, the central advantage is the ability to interact naturally with the group due to a greater 
understanding of the culture and established relationships with the members of the group, 
allowing the perspectives of the insider-researcher to conduct research ‘with’ a group rather than 
‘on’ a group, contrasting starkly with outsider-researchers. However, Pugh, Mitchell, and Brooks 
(2000) suggest incorporating both an insider and outsider research perspective, which can offer 
balance and the advantages of both positions.  
Next, I considered my role as perceived evaluator by the teacher participants due to my 
role in the development of the project, versus active participant in the research study. Guenther 
and Falk (2007) suggest that these two roles are not mutually exclusive and can provide 
summative evaluations for the project, while also providing participants with formative 
feedback. They also suggest that the insider and outsider roles are not significantly compromised 
through this strategy. It is important that the researcher and participants are clear and accepting 
of the role of the researcher as both objective observer and active participant. The observations 
within the outlined research study were not designed to be pass/fail evaluations, but rather to 
collect constructive outcomes based on occurrences within context of the classroom.  
For the purpose of the research study I have considered my role as observer and 
developer of many of the curriculum materials and instruments used throughout the study. 
Because of my large involvement with the initial development and participation in the project, I 
took on the role of “Observer as Participant” while conducting classroom observations using the 
designed protocol. Through this type of role the researcher gains access to a setting with the 
advantage of having a natural and non-research reason for being part of the setting” (Gold, 1958 
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p. 223).  As participant observers, the researcher is part of the group being studied, while also 
taking part in the study itself. These parameters were appropriate for my role within the context 
of the study, because I served as a member of the CHANGE project and also as the principal 
creator of many of the curriculum materials being used for instruction in the study.  
Subjectivity and Biases  
The idea of subjectivity, the value system of the researcher that drives the research 
process, has replaced the idea that educational research is value-free or neutral, and therefore I 
had to address my own subjectivity and biases recognized within the research study (Cohen et 
al., 2013). To do so, I participated in active reflexivity throughout the study. This process 
involves “thinking about the research assumptions and becoming conscious of what values, 
attitudes, and concerns we bring to the research” (Hesse-Biber, 2010, p. 60).  Glesne (2011) 
states the importance of reflecting on one’s subjectivity throughout their study, as it helps to 
better understand how it is affecting the research process and data collection.  As stated in 
chapter 1, I have a background in biological sciences, and have taught high school and middle 
school science. During my teaching career I placed strong emphasis on the importance of 
environmental issues in my instruction. I have advocated for positive environmental practices 
within in my classroom including recycling, community involvement incentives with a local 
environmental advocacy group, and creating a culture of awareness of human impact on the 
natural environment. Not only do I have great interest in environmental issues, but I also think it 
is important for science teachers to include these topics within their practice while also 
encouraging positive environmental behaviors among their students. I was aware of this stance as 
I participated in this research study, and attempted to remove my personal judgment from data 
collection and analysis.  
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Additionally, my involvement in the CHANGE project from the fall of 2013 has 
contributed to my subjectivity and biases. I took part in the initial development of the curriculum 
materials and worked closely with the alpha teachers implementing the materials in the 
classroom during the first three years of the project. I cannot ignore that these experiences have 
framed my thoughts and ideas as to how the curriculum should be implemented in the marine 
science classroom.  
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Chapter 4: Analysis and Findings 
Introduction 
The purpose of the research study was to explore how teacher beliefs about climate change 
influence their classroom instruction, and resulting student outcomes. In this chapter I will 
provide a description of the findings and analysis in response to each research question. I will 
compare and contrast the qualitative and quantitative findings in order to triangulate the findings.  
The research questions guiding the study were: 
1. How do teacher beliefs about climate change influence their classroom instruction of 
climate change curriculum?  
2. How do teacher understandings of climate change influence instruction of climate change 
curriculum? 
3. What impacts do teacher beliefs and understandings about climate change have on 
student outcomes (understanding of climate change and willingness to take mitigative 
action)? 
 
At the start of the study, the teacher participants were asked to complete the Teacher Survey, 
which collected qualitative and quantitative data from the participants aimed to uncover their 
beliefs and understandings of climate change. Nespor (1987) found that beliefs are among the 
most influential elements in instructional practices. Research questions one and two aim to 
understand if and how teachers’ personal beliefs and understandings about climate change 
impacted their instruction of the curriculum. Three instruments were designed to help address 
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these questions, the teacher survey, teacher interview, and classroom observation protocol.  The 
following section discusses the data collected from the teacher survey, interview and 
observations relevant to beliefs and understandings in further detail. The items were analyzed for 
each participant to help answer research questions 1 and 2.  
Expectations of the CHANGE Curriculum 
Observations using the protocol were performed as participants were teaching the 
CHANGE curriculum throughout the first semester (See Chapter 3). Based on the development 
of the curriculum and the protocol the following describes the types of instructional strategies I 
expected to see when observing the lessons. I expected the teacher to engage students with 
questions that connected climate change to their daily lives. I also expected the teachers to 
connect curriculum to the local, place-based approach, including local landmarks and areas 
within the region. Lastly, I anticipated that instruction of the curriculum would be focused on the 
impacts of climate change on the built and natural environment.  
In addition, certain expectations were made of the students based on the development of 
the materials and the instructor notes provided to the teachers. Students were expected to be able 
to communicate accurately about climate change science verbally and in writing. Students were 
also to use information from previous lessons and activities to develop a better understanding of 
climate change science. Lastly, it was expected that students and teachers would engage in 
dialogue about the science of climate change related to the causes and impacts.  
Teacher Survey 
The teacher survey (See Appendix) consisted of three items, which were used to measure the 
teachers’ beliefs about climate change, including items 8, 11, and 12. Items within the teacher 
survey that helped identify and measure teachers’ understandings of climate change included 
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items 1, 2, 9, 10, and the content quiz. The content quiz (See Appendix) consisted of twelve 
questions measuring teacher understanding of the science content taught in three specific units 
that were observed, Ocean Exploration, Marine Geology, and Marine Chemistry.  
Item 8 consisted of seven Likert-type questions, which asked teachers to indicate whether 
they agreed or disagreed with a series of climate-centered statements. The purpose of the 
question was to gauge how well teachers’ beliefs aligned with the beliefs of climate scientist.  
Item 11 asked teachers to rank appropriate actions the U.S. government could take to 
mitigate the impacts of climate change. All of the listed actions were plausible actions the U.S. 
government could take, which was addressed in the Reynolds et al. (2010) study. This item was 
categorized as a beliefs question as the actions ranked are simply potential policies that could be 
put into effect, and not actual actions the teachers could take personally, which was addressed in 
a later question.  Item 12 asked teachers to indicate their level of concern for climate change on 
five different items. The Likert-type question asked teachers to rate their level of concern of 
climate change from “Not at all” to “Very much” on a series of questions about potential 
personal harm. Literature suggests that in high-income countries, like the U.S., people typically 
see climate change as a more distant threat than other concerns, such as finances, health, safety, 
etc. (Leiserowitz, 2005; Lorenzoni, Leiserowitz, De Franca Doria, Poortinga & Pidgeon, 2006; 
Lorenzoni & Pidgeon, 2006).  
Teacher understandings were measured qualitatively in survey items 1, 2, 9, and 10. The 
first two items asked teacher participants to define climate change in their own words and 
explain the differences between weather and climate. The definitions were coded and themes 
were generated based on the coding. Item 9 asked teachers to rate the causes of climate change 
from most likely to not at all. This question measured teachers’ knowledge of the causes of 
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climate change and attempted to identify possible misconceptions in their understanding of 
climate change. Item 10 asked teachers to rank personal actions they could take to prevent 
negative impacts of climate change. These actions were all potential actions adults could take to 
reduce their impact on climate change. This measures their understandings of the association 
between human behaviors and climate change.  
The teacher interview (See Appendix), was comprised of a series of questions, which 
were specifically aimed to uncover the relationship between the teachers’ professed beliefs about 
climate change and what impacts these beliefs had on their instruction of the curriculum.   
Lastly, The classroom observation protocol collected data from the teachers’ instruction of the 
lesson activities and the science content taught, and the students’ response and engagement with 
the activities, which aligned with the instructional materials. The teachers’ instruction was 
measured using individual items’ ratings of indicators as described in the methods section 
(chapter 3), and an overall synthesis rating was assigned to each of the areas within the protocol 
after the observation based on the cumulative scores of the rating of indicators. The numeric 
ratings were supported with qualitative field note data collected during each lesson observation. 
The data were examined after coding the participant interviews to determine whether professed 
beliefs and understandings about climate change uncovered in the teacher interview and survey 
were supported in their classroom instruction of the curriculum materials. The following section 
discuses findings and analysis of the study’s four teacher participants.  
Ms. Walters 
Ms. Walters is a marine science teacher at a largely Hispanic, rural, Title I high school 
within the County.  She has been teaching between 11-20 years as indicated by the teacher 
survey, and has a certification in Earth and Space Science. Before teaching she had a prior career 
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in the field of human resources, and also holds a graduate degree in the area of human resources. 
Her undergraduate degree is the area of interdisciplinary sciences.  
The physical arrangement of her class differed from the other participants, in that she had 
a lab space within her classroom. That being said, most of the lab space was being used to house 
the aquarium tanks that are a large component of the marine science curriculum. As indicated in 
informal conversations I had with her during the study, the student population tends to hold 
politically conservative values and she often feels at odds with the student population and some 
of the other teachers in the school when it comes to the issue of climate change. She mentioned 
another teacher in the social sciences department as a barrier to her teaching, as he refutes claims 
that climate change is real and human induced in his own instruction.  Outside of her role as a 
classroom teacher she also attends various workshops and professional development 
opportunities, and is a self-reported “workshop junkie.”  
Survey: Beliefs 
The initial results of Ms. Walter’s survey (item 8) revealed she agreed with scientists that 
climate change is occurring and humans are a major contributor to this ranking that humans were 
a most likely cause of climate change. Upon completion of the curriculum intervention, Ms. 
Walters took the survey again. The results of her final survey show strength in the rejection of 
the idea that climate change is a consequence of natural events, stating she thought it was “not at 
all” possible that climate change were a result of strictly natural causes. She also further 
identified humans as the major cause of the change in climate within the survey, this might 
suggest that the experience of teaching the curriculum helped to strengthen her beliefs about 
climate change and trust in scientific practices. While there is evidence among the research that 
suggests the experience of an educational program, professional development and interventions 
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can lead to a transformation in belief structures, the findings from Mrs. Walters suggests simply 
the experience of teaching a new curriculum could also impact beliefs about climate change 
(Bryan, 2012; Guskey, 1986; Stoffels, 2005). 
 
Table 4. Results of Item #8 Pre and Post Surveys Statements about Climate Change  
 Pre-Survey Pre Post 
A. Most scientists accept that climate change is occurring. A A 
B. 
A significant amount of data supports that climate change is 
occurring. 
A A 
C. Climate change science methods are too unsure to be trusted. D D 
D.  
Climate change science creates scientifically testable 
predictions about the earth’s climate. 
A A 
E. 
The climate changes we are experiencing are primarily a 
consequence of natural (not manmade) events. 
D SD 
F. 
In order to be valid, climate change science needs to be based 
on controlled experiments.  
A D 
G. 
Because most of the knowledge of climate change is based on 
modeling, it is not a valid science idea. 
A D 
SD= Strongly Disagree D=Disagree A=Agree SA=Strongly Agree 
When asked to rank necessary measures the government (item 11) could take to reduce 
the impact of climate change Ms. Walters top three actions (Indicated by the letter A) in her 
initial survey included, reduce auto emissions, reduce industry emissions, and encourage 
investments in renewable resources. In the final survey, she ranked the top three actions nearly 
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the same, with “switch from using coal to natural gas” moving into the third spot, replacing 
“Reduce industry emissions.” One reason there was little change seen in this area might be due 
to the similar nature of the actions. Based on the results of this item, Mrs. Walters recognizes the 
importance of controlling for carbon dioxide emissions, but might be unsure about the best way 
to accomplish this. It should be noted, that while Mrs. Walters is an educator of climate change, 
she does not see it as an important way in which the U.S. government could help mitigate the 
impact of climate change, and ranks it last in both the pre and post survey.  
 
Table 5. Results of Item #11 Pre and Post Rank Order Actions the U.S. Government Could Take  
Pre 
Rank 
Post 
Rank 
Action 
 B  B Require household recycling.  
 A  A Reduce auto emissions. 
 A  A Reduce industry emissions. 
 C  C Educate the public about the problem. 
 A  B Encourage the investment in renewable energy sources. 
 B  B Build more public transportation. 
 C  C Control urban sprawl. 
 B  A Switch from using coal to using natural gas. 
 
  Ms. Walters initially admitted to being “somewhat” concerned about the impacts climate 
change will have on her personally and future generations in completing item 12 from the pre-
survey. Ms. Walters’ concern for climate change shifted from “somewhat” to “very much” in all 
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categories after teaching the curriculum. These findings are in line with findings from the 
Lambert, 2013 and Leiserowitz, 2011 studies of educated laypeople and preservice teachers 
respectively, which found the more knowledge one has, particularly after experiencing a 
treatment curriculum, the more concerned they are about climate change. This will be discussed 
in further detail in chapter 5.  
 
Table 6. Results from Item #12 Pre and Post Results of Concern for Climate Change  
 Pre Pre Post 
A. How worried are you about climate change? Some-
what 
Very Much 
B. How much do you think climate change will harm you personally? Some-
what 
Very Much 
C. How much do you think climate change will harm future 
generations of people? 
Some-
what 
Very Much 
D. How much had you thought about climate change before today? Some-
what 
Very Much 
E. How important is the issue of climate change to you personally? Some-
what 
Very Much 
 
Survey: Understanding 
Data collected regarding Ms. Walters’ understandings of climate change came from 
multiple questions, including her responses to the open-ended questions. When asked, “When 
scientists refer to climate change what are they are talking about?” She responded initially with 
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“CO2 concentrations, temperature and precipitation.” A similar response was recorded in her post 
survey as with her description of the differences between weather and climate, which she 
recognized as “long-term versus short-term” in both the pre and post survey. She did not 
elaborate on these definitions, keeping them relatively short in both surveys. When asked about 
her understanding of the possible causes of climate change (item 9) initially, she indicated the 
only likely causes of climate change were driving automobiles and burning of fossil fuels. 
However, after teaching the curriculum, she also included ozone depletion and deforestation as 
likely cases of climate change. It is not clear as to why she would choose to include ozone 
depletion or deforestation as a most likely cause after teaching the curriculum, as neither ozone 
nor deforestation were addressed at all throughout the materials. These finings are similar to the 
Reynolds et al. (2010) article, which administered the same survey to “believers” and “non-
believers” of climate change. The article states “Believers…provided significantly fewer correct 
responses to the false statement “The hole in the Antarctic ozone layer is a major cause of 
climate change.” These findings suggest an area of concern among the general population and 
the other teacher participants of the study, and potential future implications of the study and the 
need to address this misconception will be included in chapter 5.  
Table 7. Results from Item #9 Pre and Post Results of Possible Causes of Climate Change  
Possible cause  Pre Post 
Driving automobiles Most Likely Most Likely 
Ozone depletion Unlikely Most Likely 
Burning fossil fuels Most Likely Most Likely 
Use of nuclear energy Unlikely Not a Cause 	 	
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	Table	7:	Continued			
Possible cause  Pre Post 
Farming and agriculture Unlikely Likely 
Deforestation Unlikely Most Likely 
 
In ranking personal actions (Item 10) that can prevent climate change in the initial 
survey, her top three actions (Indicated by the letter A) were recycling, reducing the use of cars, 
and using alternative energy. However, after teaching the curriculum, Ms. Walters ranked the 
following as her top three actions: educating others about what they can do, using alternative 
energy, and using less energy. Recycling being ranked so highly is not uncommon, as many find 
this pro-environmental behavior as one of the most accessible actions they can take personally, 
consistent with the low-cost, high-cost model of Diekmann and Preisendoerfer (1992) and Koll-
muss and Agyeman, (2002). Contrary to some of the other actions, such as “use more public 
transportation,” which may present a wide variety of barriers for the individual, recycling is a 
relative low-cost action that can be taken. However, these data suggest that after teaching the 
curriculum, Mrs. Walters might be more likely to engage in more high-cost personal mitigative 
actions. Results from item 10 also align with results from item 11. She ranks political action as 
the least effective action she could take to help prevent climate change, but ranks “Educate 
others about the problem” as the most effective action she could take. This is an interesting 
finding, considering she ranked “Educate the public” as the lowest ranked action in item 11, 
which suggests that while she has confidence in her own ability to educate others about climate 
change, she may not have the same confidence in our government to do the same. Mrs. Walters 
also had the most concern with potential backlash from her administration regarding teaching the 
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controversial topic of climate change. She also describes an experience she had with the 
administration after mentioning governmental policy, which is discussed later in the interview 
data. However, in follow-up interviews, the idea of greater confidence in her own teaching rather 
than through governmental intervention as a way to teach climate change was not addressed by 
myself or by Mrs. Walters herself.  
 
Table 8. Results from Item #10 Pre and Post Results of Personal Actions  
Pre Post Action 
 A  B Reduce use of cars. 
 A  B Recycle. 
 B  B Use more public transportation. 
 A  A Use alternative energy. 
 B  C Plant trees 
 B  A Educate others about what they could do. 
 C  C Take political action. 
 C  A Use less energy. 
 
Ms. Walters’ results from the pre survey in August show an 83% correct response rate on 
the content questions. Upon completing instruction of the CHANGE curriculum, she answered 
the same content questions with a 100% correct response rate, suggesting that her experience of 
teaching the curriculum helped to increase her knowledge of climate change. This idea of 
learning through classroom instruction is supported in the findings from Kinghorn (2014), which 
found that gaps in content knowledge could be triggered through in-class experiences leading 
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teachers to pursue content knowledge by seeking out additional resources for learning. The 
Kinghorn (2014) model, developed for elementary science teachers, might be able to be applied 
to secondary science teachers of climate change. 
Interview 
The interview collected qualitative data, which revealed greater insight into teachers’ 
beliefs about climate change and impacts on instruction. The interview of Mrs. Walters 
corroborated findings from the survey, which indicated she supported the idea of anthropogenic 
causes of climate change. She specifically addressed the impacts humans are having on the 
environment in the interview stating, “I addressed the claim (that humans are contributing to 
climate change) in my instruction that the most effective actions to reducing emitted carbon 
dioxide in the atmosphere is through improving fuel efficiency” and “I see where (climate 
change) is at, especially in the coral reefs, there’s a tipping point that (the coral) can’t recover 
from.” When asked her beliefs about climate change and whether they influenced her instruction 
Ms. Walters indicated with certainty that climate change is occurring and humans are a major 
contributor to this change. As for her students, she stated, “for the most part the students see the 
trend just as I do, but I don’t want to force-feed them that data. We talk about the cyclical 
patterns and what is happening now versus the past, and what might be the cause of that change.” 
However, when further probed whether or not her beliefs were important for her instruction of 
the climate change curriculum she disagreed, saying, “I try not to give my view or anything like 
that.” She continued to reiterate her intentional removal of her own beliefs about climate change 
from her instruction of the curriculum stating, “I’m not going to tell you (the students) my 
thoughts, my beliefs, or my concepts.” Instead, Ms. Walters said she focused on looking at 
scientific data, historical trends, and cyclical patters. She did this in an effort for students to 
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reach their own understandings related to the causes of climate change through argumentation of 
scientific data and classroom discussions. When I probed Ms. Walters further as to why she 
thinks this is best form of climate science instruction she indicated, “I try to avoid (converting 
everyone’s belief structure) even if the data is explicitly saying that, I still want them to have that 
argumentation piece and see if there are other possible factors that could be influencing it.” 
When asked why she thought maintaining this neutral stance was so common among 
teachers that taught the curriculum she suggested pressures from the administration and 
stakeholders. In a follow-up interview she provided additional information to support these 
claims of pressure from stakeholders, citing, “We have been told numerous times that we are not 
to voice our views or attempt to persuade students, but rather present the information and allow 
students to formulate their own assessments.” She continued to provide additional support of that 
statement with an email from an administrator the day after teaching about effective political 
measures for corrective action of carbon emissions. The email addressed the faculty members to 
“be mindful that their political opinions are not the only opinions, and to be cautious of what is 
shared in the classroom, as her role is not to influence students with her own political views.” 
Findings from the interview are similar to those of the survey related to Ms. Walters’ beliefs and 
understandings of climate change.  She demonstrates a clear understanding of climate change as 
recognized by both her pre and post quiz scores and a high level of concern as indicated by the 
survey item 8, which measured concern, but stated throughout the interview she is not willing to 
share these beliefs with her students through her instruction.  
Findings from the survey and interview also support the idea that Mrs. Walters has a clear 
understanding of the science behind climate change and the process by which CO2 emissions 
contribute to global warming. She believes that climate change is not only that it happening, but 
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it is an important issue in science education, stating in her interview that the topic is important 
for her students to learn about. She has a great concern for how climate change will impact her 
personally, and admits to thinking about the topic “very much.” However, these beliefs are not 
translated to her teaching of the climate change curriculum, as documented by the classroom 
observations, in which she does not address humans as contributors to the greenhouse effect. She 
states that she intentionally removes her beliefs about climate change from her instruction, and is 
careful in her teaching of the topic, as not to upset students, parents, or other stakeholders. When 
asked why this is the case, she attributes political uneasiness as the main reason to avoid teaching 
the topic and the probable controversy that comes with it. Her unwillingness to upset others, 
whether it be the administration, other teachers, or students might be magnified given the 
conservative nature of her student population and administrative superiors. During informal 
conversations we had throughout the study, Mrs. Walters expressed multiple times the struggle 
of teaching climate change due to the political climate of the school and her pupils’ and other 
peer teachers, which makes her position challenging. These challenges are not new, as Tatina 
(1989) and Zimmerman (1987) found similar barriers to that of Mrs. Walters when teaching 
evolution in the science classroom, stating that opposition from stakeholders and community 
members can cause teachers to be reluctant to share their personal beliefs about the controversial 
topic.  
Classroom Observations 
The results from the observations (See Appendix) of Ms. Walters’ instruction for the 
observed CHANGE lessons, Ocean Exploration, Marine Chemistry, and Marine Geology 
indicated that her instruction of the lessons were “very little” reflective of the intended practices 
of the CHANGE materials. Field notes collected to support the quantitative ratings suggest this 
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was due to the lack of inclusion of climate change connections made during the classroom 
activities, the field notes made no mention of any personal connection to climate change made by 
Mrs. Walters when teaching the lessons observed. For example, “no explicit connections were 
made to climate change when students were engaging in the sediments lab of discovering past 
sea level.” As documented by the classroom observations, Mrs. Walters did not make a 
connection to the place-based nature of the content, and her instruction lacked focus on the built 
or natural environment. There were multiple times where this could have been addressed within 
the instruction of the curriculum, specifically within the Geology unit, in which the sediments 
were collected from local Florida beaches, however, students went through the rudimentary steps 
of the lab with little engagement from the instructor, and often answered questions on their own 
without conversing with other members of the lab group. Ms. Walters did not include any 
description from her instruction of the multi-step connections regarding human contributed 
greenhouse gases to the melting of both sea and land ice, rather the students were left to 
complete the lab on their own with little direction outside of the laboratory steps outlined in the 
manual. The built in questions for discussion and follow-up provided to the students were left to 
be completed individually or for homework, and no formal or informal conversations were had 
between the students upon completion of the in-class activities after completion.  
The emphasis of science content made by Ms. Walters when teaching the CHANGE 
curriculum was rated as “very little” to “somewhat” reflective of the intended practice. This was 
supported in observations as the lack of climate change content taught that aligned with the 
curriculum materials, and the absence of students participating in the activities to engage in 
accurate writing or dialogue related to the causes and impacts of climate change. Field notes to 
support the synthesis rating included “limited observed discussions between the teacher and 
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students, or among the students about climate change.” Further observation notes indicated that 
students were going through the steps of the lab without making connections to climate change. 
Mrs. Walters did not attempt to engage the students in discussions, which she stated in her 
interview as the most effective way for students to reach understandings about climate change. 
She also did not make connections between the classroom activity and changes in the climate. 
Data from the observation protocol support claims made in the interview, in which she remains 
neutral in her instruction. However, there was little to no evidence that she was contributing 
scientific data related to climate change as a way to engage students in discussions related to the 
causes and implications of the topic, which she stated was the most effective pedagogical method 
in her interview.  
Other factors that negatively impacted Mrs. Walter’s instruction of the curriculum were a 
lack of appropriate materials, including glassware and other laboratory materials, which did not 
allow for the desired results of some activities. This included a lack of heat lamps, limited lab 
space available to students, and improper glassware. She removed all electronic aspects of the 
CHANGE curriculum, and chose not to include the book and game component as a part of her 
teaching, citing limited access to computers and smart phones. Lack of materials is a common 
reason science teachers cite as a challenge to teaching lessons (Jones & Carter, 2007).  
Data from the observation protocol suggest that while Mrs. Walters finds the topic 
important, she does not teach the curriculum materials as intended by the CHANGE project. 
While she cites argumentation and discussion as a good way to engage students in understanding 
climate change, she was not observed doing this throughout the lessons observed. The results of 
the observation protocol are consistent with findings in the literature related to inconsistencies 
found within teachers’ espoused beliefs and actual enacted practices (Bryan, 2012; Simmons, et 
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al., 1999). Furthermore, Mrs. Walters’ beliefs about appropriate practices for teaching climate 
change were not observed during her instruction, consistent with findings that suggest teachers’ 
beliefs about practice and instruction are not always reflected in their teaching practice (Kinchin, 
Hatzipanagos, & Turner, 2009; Waters-Adams, 2006; Shi & Lin, 2014). 
Summary 
Mrs. Walters has a high level of understanding of the science of climate change, as 
measured by the results of the survey items measuring understanding. These findings seem to be 
consistent with the findings from the observation protocol measuring science content. She 
consistently provided learners with information that was aligned with the curriculum materials 
and taught a significant amount of correct and learning level appropriate of climate change 
during instruction of the lessons observed as indicated by the protocol. However, within her 
instruction of the curriculum, as documented by the observations she did not engage students in 
dialogue about climate change, and students were often intellectually unengaged with the 
concepts and activities being taught during the lessons. While she stated that argumentation, 
discussion, and discourse are important ways that students can reach understandings about 
climate change, this was largely missing from her instruction of the lessons. Even when students 
had built-in opportunities for dialogue, such as the follow-up questions, this was not emphasized 
in her instruction. Her implementation of the curriculum did not meet the expectations as 
intended by the CHANGE project, including the connection to the place-based and built 
environment, as well as the use of the game and narrative components of the curriculum.  
 When considering her beliefs about climate change, interview and survey data suggest 
that she has a high level of concern about climate change as she admits to being concerned by the 
cyclical trends within the interview, and suggest within the survey that she thinks about climate 
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change often. Mrs. Walters’ beliefs were aligned with scientist about the causes of climate 
change and best practices for studying the issue, as she thought data collection, and modeling of 
the issue were effective ways to study climate change. However, she stated through informal 
conversations had within the observations and within the interview that she was not comfortable 
sharing these insights with her students due to external pressures. She avoided stating outright 
that climate change is human-induced, and attempted to allow students to come to that 
conclusion on their own. I will discuss the results from research question 3 later in the chapter, 
which looks more closely at student outcomes.  
Mrs. Bradley 
Mrs. Bradley is a marine science teacher in a large, predominantly white and Hispanic, 
suburban high school in the County. She has been teaching for ten years, as indicated on her 
teacher survey. She has a background in social studies education as well as certification in 
biology education. Her undergraduate degree was in international affairs/economics, and 
completed a graduate degree (MAT) in secondary social studies education. She was the only 
study participant who completed a formal education preparation program. After living within the 
city limits of a large metropolitan area, she and her young family recently moved to the suburbs 
in a relatively low-lying costal area.  
Survey: Beliefs 
Mrs. Bradley’s initial results related to her beliefs about climate change (Item 8) 
suggested that she had strongly held beliefs in agreement with scientists, their data, methods, and 
predictions about anthropogenic causes of climate change. When comparing the results of the 
pre-survey with the post, I found that her beliefs about climate change science stayed exactly the 
same. This might be due to the fact that she had initial beliefs that were in line with the large 
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majority of scientist about the causes of climate change and practices for studying the impacts. 
Teaching the climate change curriculum might have just reinforced what she had already 
believed to begin with.  
Table 9. Results of Item #8 Pre and Post Surveys Statements about Climate Change 
 Pre-Survey Pre Post 
A. Most scientists accept that climate change is occurring. SA SA 
B. 
A significant amount of data supports that climate change is 
occurring. 
SA SA 
C. Climate change science methods are too unsure to be trusted. SD SD 
D.  
Climate change science creates scientifically testable predictions 
about the earth’s climate. 
SA SA 
E. 
The climate changes we are experiencing are primarily a 
consequence of natural (not manmade) events. 
D D 
F. 
In order to be valid, climate change science needs to be based on 
controlled experiments.  
D D 
G. 
Because most of the knowledge of climate change is based on 
modeling, it is not a valid science idea. 
SD SD 
 
When ranking the likely governmental actions (Item 11) that would help alleviate the 
negative impacts of climate change, Mrs. Bradley ranked “Educated the public about the 
problem” as the number one preventative action, followed by “Build more public transportation” 
and “Control urban sprawl” (Indicated by the letter A) respectively. There was a shift in her 
beliefs in the final survey, while still ranked “Educate the public about the problem” as the 
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number one action, two and three were replaced by “Encourage investment in renewable energy 
sources” and “Build more public transportation.” However, her pre and post rankings were very 
similar. Results from the survey suggests that she not only holds her position as a climate 
educator as a priority for personally mitigating climate change, but she also sees the opportunity 
for the government to further educate the public as a way to mitigate the impacts of climate 
change. Mrs. Bradley lives in the suburbs of a large metropolitan area with limited public 
transportation. In conversations we had over the course of the study she frequently cited 
difficulty traveling in the area and complained about the amount of time it took to get from one 
place to another. This might help explain why she ranked build more public transportation so 
highly in both her pre and post survey. Interestingly, she ranked “Reduce auto/industry 
emissions” low (Indicated by the letter C) in both the initial and final survey, which are two large 
contributors to carbon emissions that she ranked as likely causes of climate change. This might 
suggests she recognizes these actions as contributors to climate change, but does not believe it to 
be effective measures for the government to take.  
Table 10. Results of Item #11 Pre and Post Rank Order Actions the U.S. Government Could 
Take 
Pre Post Action 
 C  C Require household recycling.  
 C  C Reduce auto emissions. 
 B  B Reduce industry emissions. 
 A  A Educate the public about the problem. 
 B  A Encourage the investment in renewable energy sources. 	 	
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Table	10:	Continued			
Pre Post Action 
 A  A Build more public transportation. 
 A  B Control urban sprawl. 
 B  B Switch from using coal to using natural gas. 
 
Mrs. Bradley indicated she was “very much” concerned about climate change (Item 12) 
in all areas including, worry, personal harm, impacts on future generations, how often she thinks 
about climate change, and the importance of the issue. Results from the post survey indicate that 
Mrs. Bradley was less concerned about climate change in the final survey than she was initially. 
Her rankings dropped slightly from “very much” to “somewhat” for the following areas; 
personal harm, thoughts about climate change, and personal importance of the issue (Leiserowitz 
et al, 2011). This is not typical of individuals who experience the type of climate change 
curriculum that Mrs. Bradley did. Having young children might be one reason as to why one of 
the only areas where she remained very much concerned was for future generations. This 
instance could be evident of more pertinent concerns, as Mrs. Bradley was in her third trimester 
during the study, taking precedence at the time of the survey, which were suggested in the 
findings of multiple studies (Leiserowitz, 2005; Lorenzoni & Pidgeon, 2006; Lorenzoni, 
Leiserowitz, et al, 2006).  
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Table 11. Results Item #12 Pre and Post Results of Concern for Climate Change  
  Pre Post 
A. How worried are you about climate change? Very 
Much 
Very 
Much 
B. How much do you think climate change will harm you personally? Very 
Much 
Some-
what 
C. How much do you think climate change will harm future 
generations of people? 
Very 
Much 
Very 
Much 
D. How much had you thought about climate change before today? Very 
Much 
Some-
what 
E. How important is the issue of climate change to you personally? Very 
Much 
Some-
what 
 
Survey: Understanding 
The survey items that measured Mrs. Bradley’s understandings of climate change (Item1) 
include her definition of climate change and the difference between weather and climate (Item 
2). Qualitative findings, gathered from the teacher survey items 1 and 2 suggest Mrs. Bradley 
had a better understanding of climate change after teaching the curriculum. Her definition 
changed from “increase in temps, water rise” in the initial survey to “Change in climate (weather 
patterns over a long period of time), melting ice, sea level rise.” In describing the difference 
between climate and weather, her explanation remained similar indicating, “climate is long-term 
and weather is short-term.” These findings are consistent with findings from the Bostrom et al. 
(2010) article in which many have difficulty distinguishing between weather and climate. Results 
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from the survey show that she does not elaborate on the differences that exist between weather 
and climate, yet only addressed them in terms of scale.  
The survey also measured her understanding of climate change through Likert-type and 
rank order questions. The first of which asked her to rank the likely causes of climate change 
(Item 9). Mrs. Bradley ranked the causes in her final survey exactly as she did in the initial 
survey, ranking driving automobiles, burning fossil fuels, framing and agriculture, and 
deforestation as the most likely causes of climate change, and ozone depletion and nuclear 
energy as likely causes. Findings from Mrs. Bradley’s survey related to the misconception of 
ozone related caused of climate change are similar to that of Mrs. Walters and the other teacher 
participants. These findings suggest this misconception is prevalent among not only educated 
laypeople, but science teachers as well. Nuclear energy also remained a common misconception 
among survey participants Reynolds et al. (2010) found “believer” participants in their study 
were more likely to declare the use of nuclear power as a major cause of climate change. This 
suggests that the misconceptions surrounding both ozone and nuclear energy need to be 
addressed in both the classroom and through professional development training.  
 
Table 12. Results Item #9 Pre and Post Results of Possible Causes of Climate Change  
Possible cause (Pre) Pre Post 
Driving automobiles Most likely Most likely 
Ozone depletion Likely Likely 
Burning fossil fuels Most likely Most likely 	 	
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Table	12:	Continued			
Possible cause (Pre) Pre Post 
Use of nuclear energy Likely Likely 
Farming and agriculture Most likely Most likely 
Deforestation Most likely Most likely 
 
Through the rank ordered questions, which asked her about personal actions she could 
take to help prevent climate change (Item 10) I found that initially she thought the top three 
(Indicated by the letter A) most important actions were “educate others about what they could 
do”, “take political action,” and “use less energy.” In the final survey, her number three ranking 
“use less energy was replaced by “reduce use of cars.” Again, little change was seen from the 
pre-survey data to the post. Her actions about what she could do also closely align with the 
actions she feels the government could take. Specifically, she ranks education and political 
action highly, suggesting she feels as though she holds personal stake in the American political 
process and promotion of climate change education.  These findings are contrary to that of Mrs. 
Walters, who did not seem to think that political action was a viable action she could take in 
mitigating climate change. Mrs. Bradley also makes a connection between personal action, 
carbon emissions, and the increase in climate change. She ranked more carbon-reducing, high-
cost actions as plausible personal she could take higher than other low-cost actions such as 
recycling.  
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Table 13. Results Item #10 Pre and Post Results of Personal Actions  
Pre Post  Action 
 B  A Reduce use of cars. 
 C  C Recycle. 
 B  C Use more public transportation. 
 B  B Use alternative energy. 
 C  B Plant trees 
 A  A Educate others about what they could do. 
 A  A Take political action. 
 A  B Use less energy. 
 
Finally, Mrs. Bradley’s understanding of climate change as measured by the content 
question quiz at the end of the survey showed her understanding increased from a 66.7% to 
91.6% after teaching the curriculum. The greatest gains were in the area of Marine Chemistry-
Thermal Expansion where her score increased from 25% correct on the initial survey to 75% 
correct on the final. These findings are consistent with findings from other participants as well as 
the findings from the Kinghorn (2014) article, which suggest teaching the curriculum helped 
teachers better understand the climate-centered content.   
Interview 
The results from Mrs. Bradley’s interview supported the results from the teacher survey, 
which suggests that Mrs. Bradley supported scientists’ claims related to anthropogenic causes of 
climate change. Through the interview she states, “I definitely believe climate change is a real 
issue that we have exacerbated it with our emissions…I personally feel the damage is pretty 
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irreversible.” This might support why she identified within the survey that she feels most 
concerned for future generations as indicated in her survey results. The interview about level of 
concern was also in line with the results of the teacher survey indicating Mrs. Bradley has 
personal concern for the issue, citing, “Climate change will affect me because I live in a coastal 
region.” When asked whether she thought her personal beliefs about climate change were 
important for her instruction of the topic she suggested they were, saying, “If we feel 
passionately about a topic it makes us better teachers” and “I feel pretty strongly about the topic, 
so it makes me teach it better.” These findings were not, however, represented in the 
observations, which are addressed in the next section. In a follow-up interview when asked 
whether she remained neutral about the topic in her instruction she added that she thinks the 
topic is important and that it is important for her students to understand climate change better so 
they can “do their part to help”, but did indicate that she “leaves politics out of the equations and 
focuses on the scientific data.” Again, the potential negative backlash of political controversy 
within the classroom also causes Mrs. Bradley to avoid some aspects of the topic of climate 
change. I also asked Mrs. Bradley about the experiences that have helped to shape her 
understandings and beliefs about climate change, she cites her experience teaching as the major 
source of knowledge. These findings were not uncommon among the participant population, as 
all of them cited teaching as a major source of their knowledge of climate change. 
 Results from Mrs. Bradley’s survey largely support results from her interview and 
rankings made within the teacher survey about the causes and impacts of climate change, as she 
ranked carbon emitters as most likely causes of climate change. However, while the survey 
revealed she has misconceptions related to ozone depletion and nuclear energy, these items did 
not come up within the interview. She also has a clear understanding of the science of climate 
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change science and it seems as though her beliefs about climate change are deeply rooted, as she 
speaks openly about human impacts and the importance of the issue to coastal regions within the 
interview. She still however, does not address these beliefs about importance of coastal regions 
and place-based instruction in her classroom instruction of the content, which is discussed in the 
next section. This suggests a gap that exists between her own personal beliefs about climate 
change and how to effectively she was able to communicate these beliefs to her students through 
instruction of the topic. This was a persistent finding throughout all teacher participants and will 
be addressed in chapter 5.  
Classroom Observations 
The data from the classroom observation protocol (See Appendix) revealed that Mrs. 
Bradley’s instruction of the curriculum was “very little” to “somewhat” reflective of the intended 
CHANGE practices. Again, these desired practices of the curriculum are outlined in the 
objectives discussed in chapter 3. Observation data collected from the field notes when observing 
the Geology and Chemistry lessons indicated that Mrs. Bradley made no real connection to the 
local place-based approach of the curriculum, and did not focus on the negative impacts climate 
change will have on the built or natural environment, which were embedded parts of these 
lessons in the follow-up questions, and outlined questions for discussion. These were important 
components of the curriculum, which were incorporated in an effort to motivate students by 
connecting climate change and sea level rise to students’ everyday lives where they live (Hallar, 
McCubbin, & Wright, 2011; Theobald, 2006). 
The findings gathered from the observations of the lessons were not in support of 
statements made during the interview, which suggested that she had greater concern due to her 
proximity to the coast and strong feelings about the issue, which equipped her to better, teach the 
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topic. Mrs. Bradley at times attempted to engage the students with questions that related to their 
personal lives, but this was infrequent and inconsistent during the observed lessons, happening 
only three times as documented by the field note data, and occurring within only one of the units 
observed for the study. Field notes to support the rating indicators and synthesis ratings of the 
observation protocol (See Appendix) include, “There was no connection made as to how the lab 
related to their local environments or climate change.” Anther instance states, “Teacher 
performed the lab as a demo while students worked on the book and game component.” When 
Mrs. Bradley chose to perform one of the activities as a demo rather than a lab, students were not 
engaged with the demonstration, rather working on other classroom items and only focusing their 
attention to the demonstration when Mrs. Bradley redirected them to write down a data point on 
their lab manuals. While Mrs. Bradley admitted in the survey and interview that she feels as 
though she is going to be personally affected by climate change due to proximity to the coast, 
and indicated a high level of personal concern, she places no real emphasis of local or place-
based impacts to her students throughout her instruction of the CHANGE materials. While Mrs. 
Bradley’s initial stated purposes of the lessons to her students were often consistent with the 
CHANGE curriculum, she fell short throughout the instruction of the lesson, specialty in 
focusing on the impacts of climate change on the built and natural environment and making 
connections to the game and narrative. Lastly, Mrs. Bradley’s instruction did not include a place 
for students to discuss climate change, or engage in dialogue with her or among each other. Field 
note data to support this state that “students were given no opportunity to discuss the follow-up 
questions, instead they were to complete them on their own after they left the lab, or for 
homework.” While the CHANGE curriculum included specific places within the curriculum to 
encourage this type of pedagogical methods, they were not observed in the lessons.  
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Emphasis of science content observed in the instruction of the curriculum was between 
“very little” and “somewhat.” The ratings of indicators used to support the synthesis rating 
included Mrs. Bradley’s ability to provide students with accurate information. During three of 
the four observations this was ranked as “somewhat” however, during two of the observed 
lessons there were clear indications from field note data, she did not display an accurate 
understanding of climate change science during instruction. This included her demonstration of 
thermal expansion, field note data support evidence which “she did not address the chemistry 
behind the expansion of water and make connections between water volume and temperature and 
how climate change is contributing to this phenomena.” Students did not demonstrate an ability 
to communicate orally or in writing about climate change from the data collected in observations 
and lab reports. I found that often within the lessons observed students completed the steps of the 
lab as outlined in the lab manual and were deemed “done.” There was no follow-up 
conversations had among the students or with the instructor to discuss overall findings of the 
activities. The level of climate change taught was appropriate for the learners, but students were 
not engaging in dialogue with each other or Mrs. Bradley about the causes or implications of 
climate change. They also were failing to make connections to previous lessons in order to better 
understand the science content.  
Results from the observations suggest that while Ms. Bradley may have strong beliefs 
about climate change and values it as an important topic in science education, these strongly held 
beliefs and understandings did not impact her instruction of the curriculum. A majority of her 
student population also resides in the same coastal region; however, observations of the 
curriculum suggest she did not make meaningful connections to the place-based nature of the 
topic as consistent with the CHANGE curriculum.  
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Summary 
It is clear that Mrs. Bradley has a relatively high level of understanding, albeit persistent 
misconceptions of climate change and her beliefs are consistent with the scientific community 
about the best ways to study, and mitigate it’s impacts, as represented by the results of her 
survey, which she agreed with claims by scientists related to climate change, and the ways, 
which best to study the topic. She also believes the topic to be of great importance for her due to 
her place of residence in a costal community. She has strong regard for educating the public 
about the problem and taking political action to do so, as evident from the results of the survey 
ranking. I got the sense through informal conversations and the follow-up interview that Mrs. 
Bradley, of all the teacher participants, was the least likely to tiptoe around the controversial 
political nature of the topic. While she did cite politics as a reason that teachers might maintain 
neutrality of the topic in a follow-up interview, she did not seem as concerned with potential 
backlash from students, administration, or stakeholders within the community as Mrs. Walters. 
She indicated in the interview that if she feels strongly about a topic, which she does, teachers 
are better able to teach said topic better. This might suggest she believes her personal beliefs 
about climate change would influence her instruction of the topic, however, this connection was 
not observed in the classroom observations of the lesson. This is not uncommon, and evidence 
suggests that teachers’ beliefs about practice and instruction are not always reflected in their 
teaching practice (Kinchin, Hatzipanagos, & Turner, 2009; Shi & Lin, 2014; Waters-Adams, 
2006). One reason Mrs. Bradley’s beliefs and understandings of climate change were not 
reflected in her instruction might be simply constraints of time or lack of materials, similar to 
that of Mrs. Walters. These are often reasons as to why teachers might exclude components of 
the lessons, including the book and game (Jones & Carter, 2007). She cited these particular 
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reasons as to why she chose to complete the thermal expansion activity, located in the chemistry 
unit as a demonstration rather than a laboratory. While the intended purpose of the activity often 
aligned with the CHANGE practices, the implementation did not. She did not engage students 
with questions or in discussions to connect climate to their daily life, even though she stated this 
reason to be of most importance to her when teaching climate change. Students did not use 
information from previous lessons to further their knowledge of climate change, and there was 
little emphasis made on the impacts of climate change on the built and natural world.  Students 
did not accurately engage in argumentation or dialogue related to climate change. This is not 
uncommon in science classrooms, as teachers indicate students’ lack of knowledge regarding the 
topic as the main reason why they were unable to engage them in classroom discussions and 
argumentation (Kuş, 2015). It should also be noted that this study took place during the Mrs. 
Bradley’s third trimester, right before she went on maternity leave. Simply the overwhelming 
duties of her personal life may have impacted her ability to effectively instruct the curriculum. 
Through informal conversations had during the classroom observations documented in the field 
notes, she apologized multiple times for not having things ready or lacking prior preparation for 
things due to her quickly approaching due date.  
Mrs. Roe 
Mrs. Roe is a marine science teacher at an urban, largely Hispanic, Title I school in the 
county. She holds an undergraduate degree in communication and has nearly fourteen years of 
teaching experience. Prior to teaching, she had a career as a veterinary technician. While she 
does not have a graduate degree, she holds a professional teaching certificate in science 
education. Mrs. Roe is highly involved with her school’s magnet program, and spends much of 
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her time outside the classroom recruiting, attending meetings, workshops, and field trips for the 
program.  
Survey: Beliefs 
Results from item 8 indicated that Mrs. Roe agreed with a majority of scientists’ claims 
that climate change is occurring, however, she did reject the idea that climate change was due to 
manmade causes initially, and rather suggested that it might be a cause of natural occurrences. 
She supported the methods used by scientist to further understand climate change science, 
including modeling and predictions, but claimed that the methods used by scientist at this time 
were too unsure to be trusted. Her pre-survey results compared to the final display lack of 
consistency in her beliefs about climate change and scientists’ practices.  Mrs. Roe indicates in 
the initial survey that she disagrees with anthropogenic causes of climate change, but suggests in 
that same survey combustion of fossil fuels are contributing to climate change. Her beliefs about 
the causes of climate change were clearly altered after teaching the curriculum; in that she 
disagreed climate change was due to natural causes and further support scientists’ methods for 
collecting data and making predictions about climate change in the final survey.  This represents 
a shift in beliefs about anthropogenic causes of climate change. This type of change seen in Mrs. 
Roe’s beliefs is not uncommon after experiencing a curriculum intervention. Tam (2015) states 
initiation of interactive learning activities (like the CHANGE curriculum) have shown to be 
effective method in changing teacher beliefs and practices. 
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Table 14. Results of Item #8 Pre and Post Surveys Statements about Climate Change 
 
Pre-Survey 
Pre 
Po
st 
A. Most scientists accept that climate change is occurring. A A 
B. A significant amount of data supports that climate change is occurring. A SA 
C. Climate change science methods are too unsure to be trusted. SD D 
D.  
Climate change science creates scientifically testable predictions about 
the earth’s climate. 
A D 
E. 
The climate changes we are experiencing are primarily a consequence of 
natural (not manmade) events. 
A D 
F. 
In order to be valid, climate change science needs to be based on 
controlled experiments.  
SA D 
G. 
Because most of the knowledge of climate change is based on modeling, 
it is not a valid science idea. 
SD SD 
 
In her pre-survey responses from item 11, Mrs. Roe indicated the three most important 
actions taken by the government (Indicated by the letter A) that could help prevent climate 
change were “Educate the public about the problem”, “Encourage investment in renewable 
energy,” and “Switch from using coal to using natural gas.” Her beliefs about governmental 
actions remained similar in the final survey. The only difference was “Switch from using coal to 
using natural gas” was replaced with, “Encouraging investment in renewable resources.” This 
reveals she values education about climate change as a way to prevent negative impacts on the 
environment. Given that Mrs. Roe ranked “educated the public about the problem” so highly, it 
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would suggest she values the role of education in generating public awareness to further mitigate 
the impacts of climate change.  
Table 15. Results of Item #11 Pre and Post Rank Order Actions the U.S. Government Could 
Take 
Pre Post Action 
C  B Require household recycling.  
B  B Reduce auto emissions. 
B  A Reduce industry emissions. 
A  A Educate the public about the problem. 
A  A Encourage the investment in renewable energy sources. 
B  B Build more public transportation. 
C  C Control urban sprawl. 
A  C Switch from using coal to using natural gas. 
 
Lastly, results of her pre-survey related to concern for climate change (item 12) revealed 
she was “very much” worried about climate change and the impacts on future generations; this 
could be in part due to her role as an educator of young people. Alternatively, she was only 
“somewhat” concerned with personal harm climate change may have on her and indicated that 
the topic was only of “somewhat “ importance. Her level of concern for climate change was 
discussed in the teacher interview, and while she did not express overwhelming concern within 
conversations had during observations or within the context of the interview, she self-reports her 
level of concern as very much in both her pre and post-survey data. She also indicated that she 
had thought about climate change only some before that day. Her concern for climate change 
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remained similar in both surveys, the exception was in the area related to personal importance of 
the issue, which moved from “somewhat” to “very much” after teaching the curriculum. These 
findings are reflective of the findings from Leiserowitz, 2011 and Lambert, 2013 and the Six 
Americas Study which suggest the more informed about climate change one is, the more 
concerned they become. Results from later survey items indicate that Mrs. Roe did in fact 
became more informed about climate change through teaching the curriculum, upholding the 
idea that teaching climate-centered curriculum can increase understanding of the topic. (Lambert, 
2013; Leiserowitz, et al., 2011).  
Table 16. Results Item #12 Pre and Post Results of Concern for Climate Change  
 Pre Pre Post 
A. How worried are you about climate change? Very 
Much 
Very 
Much 
B. How much do you think climate change will harm you personally? Some-
what 
Some-
what 
C. How much do you think climate change will harm future generations 
of people? 
Very 
Much 
Very 
Much 
D. How much had you thought about climate change before today? Some-
what 
Some-
what 
E. How important is the issue of climate change to you personally? Some-
what 
Very 
Much 
Survey: Understanding 
Mrs. Roe’s ability to describe climate change increased in complexity after her 
experience teaching the curriculum. In the pre-survey Mrs. Roe described climate change as 
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“Change in temperature affecting regions.” She stated the difference between climate and 
weather was “climate was related to a region and weather was day-to-day.” The final survey 
shows her definition for climate change was altered after teaching the curriculum and describe it 
more thoroughly as “Change in sea level, ocean acidification, and global warming.” In 
describing weather versus climate in the final survey her answer was almost identical to her 
response in the pre-survey. These findings are similar to the other study participants, in the use of 
scale to describe the differences between climate and weather.   
Results from item 9, which measured teachers’ understandings related to the causes of 
climate change show that Mrs. Roe had no change in understanding from the initial to the final 
survey. She listed all items as “most likely” a cause of climate change, including ozone 
depletion, with the exception of nuclear energy, which she listed as a “likely cause” of climate 
change. Again, the misconception related to ozone depletion and nuclear energy, as contributors 
to climate change remain persistent among the teacher population, reflecting the findings from 
Reynolds et al., (2010) and their study of educated laypeople.   
Table 17. Results from Item #9 Pre and Post Results of Possible Causes of Climate Change  
Possible cause Pre Post 
Driving automobiles Most likely Most likely 
Ozone depletion Most likely Most likely 
Burning fossil fuels Most likely Most likely 
Use of nuclear energy Likely Likely 
Farming and agriculture Most likely Most likely 
Deforestation Most likely Most likely 
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The top actions ranked (Indicated by the letter A) in both the initial and final survey 
regarding personal measures to prevent climate change (Item 10) were different in her initial and 
final survey. She ranked “Educate others about what they could do” as her top ranked choice, 
however, in the final survey where, “Use alternative energy” was replaced with “Recycle” and 
“Use more public transportation was replaced with “Plant trees.” Again, she emphasizes the 
importance of educating the public as a way to help mitigate climate change, suggesting she 
values her role in informing the public about climate change. This reflects findings from other 
teacher participants of the study. The change seen might suggest a shift in priority after teaching 
the curriculum to more low-cost actions, such as recycling and planting trees as a way to mitigate 
the impacts of climate change (Diekmann & Preisendoerfer, 1992; Koll-Muss & Agyeman, 
2002). Perhaps she found these actions more accessible in mitigation efforts than other higher-
cost actions.  
Table 18. Results from Item #10 Pre and Post Results of Personal Actions  
Rank Rank Action 
 B  B Reduce use of cars. 
 C  A Recycle. 
 A  B Use more public transportation. 
 A  C Use alternative energy. 
 B  A Plant trees 
 A  A Educate others about what they could do. 
 B  B Take political action. 
 C  C Use less energy. 
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Finally, the results from Mrs. Roe’s content quiz show an improvement of 50% from the 
initial to the final survey. In the pre-survey Mrs. Roe correctly answered only 50% of the 
questions correctly, however, this was increased to 75% correct after teaching the curriculum. 
This suggests her experience of teaching the curriculum helped to increase her knowledge of 
climate change science. These results were similar to the other teacher participants and provide 
further support for the Kinghorn (2014) findings that sate learning can occur as a result of 
teaching content.  
Results from the survey suggest that Mrs. Roe had a lower level of concern for climate 
change, based on the results of the survey than other teacher participants in the study. She 
remained only “somewhat” concerned for personal harm, and was also was less likely to trust 
scientists’ claims about climate change. While results of her pre and post survey were similar for 
items 1,2, and 12, there were also a great number of changes seen in items 8,11,and 10. There 
also contradictory findings within the surveys, including her rejection the idea of anthropogenic 
climate change, yet she ranked reducing emissions as a viable mitigation effort. Further results of 
the survey related to her understanding of climate change indicate that she had a relatively low 
understanding of the causes and implications of climate change, and was less likely to correctly 
answer content questions correctly as compared with the other teacher participants. That being 
said, her knowledge did increase after instruction of the curriculum.  
Interview 
The results of the interview suggest that Mrs. Roe believes that climate change is 
happening. When asked about her beliefs about climate change and what shapes them, she 
responds by stating, “Current events, it’s really happening!” She did not, however, elaborate on 
the ways in which it was occurring, or the impacts it will have on the built or natural 
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environment. These findings from the interview are consistent with findings from the survey 
item 8, which she agreed that climate change is occurring, but did not have consistent ideas about 
the causes and methods scientists used to reach those conclusions. When asked whether she 
thought her personal beliefs were important for teaching climate change within the science 
classroom, she stated in the interview that she was not likely to espouse her professed beliefs 
about climate change in the classroom, saying, “You have to leave your personal beliefs out of 
it.” When asked whether or not she thought beliefs about climate change were important for 
instruction of the topic she refuted, stating, “I think that someone who doesn't believe in (climate 
change) can teach it, but as with anything if you have passion for it, it comes across better.” 
These findings are in line with similar statements made by Mrs. Bradley, suggesting the more 
“passionate” a teachers is about a topic the better they will teach that topic, but not identical, in 
that Mrs. Roe was the only of the teacher participants who thought that non-believers of climate 
change would be able to teach the curriculum, simply because of the “curriculum was laid out so 
well.” 
Qualitative data collected from the teacher interview support the survey findings related 
to Mrs. Roe’s beliefs about the causes of climate change. Mrs. Roe stated in the interview, 
“Climate change is a reality and I do believe it is happening, and I believe students need to learn 
more about it.” This provided supporting evidence from the survey, which suggests she values 
climate change education for her student population. She goes on to say, “There is no disputing 
it.” This further provided evidence supporting her beliefs that climate change is occurring, but 
does not necessarily allow for detail regarding her beliefs about the causes of climate change.  
When asked whether her personal beliefs were important for teaching climate change she 
disagreed, stating “I’ve taught evolution for many years... and you have to leave your own 
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personal beliefs out.” She followed up with suggesting that materials were straightforward 
enough that someone who does not believe in the reality of climate change would still be able to 
teach the curriculum. Again, providing data which would suggest that while she believes climate 
change is occurring, and personal beliefs have some importance on instruction, there might be 
other constructs which she values more. Further interview data would need to be collected to 
determine what her perceived hierarchy of constructs is for teaching science content.  
When asked why she thought neutrality was important in her instruction of climate 
change she indicated that it was important for her students, saying, “I remain neutral so my 
students never or rarely know my real thoughts or beliefs because that is not the point. I try to 
teach different sides so they have a foundation.” In a follow-up interview I asked Mrs. Roe to 
elaborate on the idea of neutrality in the classroom when teaching climate change. She supported 
her stance by saying, “I think teachers feel like (climate change) has become a political topic. 
Given our state of politics right now I think staying neutral is a safe zone for many.” Mrs. Roe 
reinforces the idea that politics are impacting teachers’ instruction of climate change curriculum. 
Based on the results of the survey and the interview it is not clear that Mrs. Roe places 
importance of personal beliefs about climate change when teaching the curriculum. She 
recognizes the reality of the issue, but does not suggest that she would teach climate change any 
differently than other content.  
Classroom Observations  
Findings from the classroom observations (See Appendix) reveal that Mrs. Roe’s 
instruction of the curriculum was “very little” to “somewhat” reflective of the intended 
CHANGE practices. The ratings of indictors show she did not engage students with questions 
that connected climate change to their daily lives, and included limited instruction during the 
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observed lessons that focused on the impacts climate change has on the built and natural world. 
Field notes support these findings within the protocol and found she spent more time focusing on 
the technical application of the laboratory activities, rather than using classroom time to connect 
the results to real-life implications of climate change. Within field note data, I found that Mrs. 
Roe either suggested an improvement for the materials during each observation that would 
provide students with further structure, she also supported this idea within the interview and 
suggested that future changes be made to the curriculum to make it more “user friendly and 
easier for students to complete the lab with less instruction.” Instruction of the curriculum also 
lacked in-depth discussions or argumentation related the causes or implications of climate 
change, and students did not engage in the types of scholarly dialogue intended by the CHANGE 
project. I got the sense through informal conversations documented in filed notes from classroom 
observations with Mrs. Roe that technical processes were an important aspect of her laboratory 
instruction. She often had many questions about the lab set up before implementing it, and 
suggestions as to how it could be improved for future success. She placed a large emphasis on 
students’ reaching the desired outcome of the lab, and when groups failed to reach these intended 
outcomes she searched for explanations.  Again, a great deal of instructional emphasis was 
placed on the process of completing the lab and little time was spent addressing follow-up 
questions or discussing outcomes. This might be a reflection of her former career as a veterinary 
technician, in which procedures have to be carried out very precisely in an effort to reach desired 
outcomes, but this was not addressed with the participant. However, in the inquiry-based labs 
designed for the CHANGE curriculum can often lead to a variety of outcomes.  
Additional findings gathered from the field notes describe the lessons as having “no 
evidence of connections made to the built or natural world, and even though students had 
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completed the online component of the Ocean Exploration unit, they did not use the knowledge 
from the game to help them complete he lab or follow-up questions.” Of all the teacher 
participants of the study, Mrs. Roe admitted to using the book and game component the most, 
however, she did mention as they moved later into the semester it became more difficult to 
obtain laptop carts or computer lab time due to the testing schedule. Emphasis of science content 
in the instruction of the curriculum was documented in the observation protocol as “somewhat” 
reflective of the CHANGE practices.  She continued to emphasize the importance of step-by-step 
procedures of the labs and in-class activities, rather than make connections to the real-life 
implications of climate change being modeled in the activities. She even went so far as to 
suggest the following in the interview, “Improvements could be made, with respect to the labs, 
it's a catch-22, we want them to have inquiry…but high school labs need to be more laid out.” 
Suggesting that more highly structured labs be used within the curriculum.  
Rating indicators that measured the content information provided that aligned with the 
curriculum materials were low, ranging in the 1-3 area, which are in line with her limited 
understanding of climate change. Again, Mrs. Roe chose to place a large emphasis of instruction 
on the technical processes of each hands-on activity. Her students did not communicate about 
climate change both orally within their lab groups and in writing answers to the follow-up 
questions after completing the lab. Often, students were asked to complete the discussion 
questions on their own, or finish them for homework.  Results of the classroom observations 
reveal that Mrs. Roe’s instruction of the curriculum was not closely aligned with the intended 
practices. The results from the protocol reflect the findings within the survey and interview 
related to her understandings and beliefs about climate change. She was unclear about the causes 
of climate change and her understanding of the science was lacking as determined by the survey 
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and interview, which might provide reason as to why her classroom instruction of the curriculum 
was not highly aligned with the intended practices. 
Summary 
Mrs. Roe’s understanding of climate change ranked low relative to the other teacher 
participants, however, she showed some growth in content knowledge based on the results of the 
quiz, but still had persistent misconceptions about the causes and impacts of climate change. It 
was clear, however, from the survey that Mrs. Roe still held deeply rooted misconceptions about 
the causes of climate change, and considered both ozone depletion and nuclear energy to be 
likely causes both before and after teaching the curriculum. Results from the survey indicate that 
she has an understanding of how climate change can be mitigated through carbon-reducing 
measures implemented by the government, suggesting investment in renewable energy. 
However, she indicates she would be more likely to engage in more low-cost personal actions, 
such as recycling or planting trees.  
Findings from the classroom observations suggested Mrs. Roe was more concerned with 
the technical application of the laboratory procedures than connecting the information with 
students’ daily lives. She also suggested that regardless of beliefs about climate change, anyone 
could teach the curriculum if the “materials were straightforward.” This implies that teacher 
beliefs surrounding climate change are not necessarily important for instruction. Considering her 
own beliefs about climate change, she did indicate that she was very much concerned for future 
generations when it came to climate change, and admitted that the issue was very important to 
her personally. Lastly, she emphasized the role of education in informing the public to mitigate 
the impacts had on society. She ranked “educate the public” as the most important measure the 
government could take, and “educate others about what they could do” as the most important 
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actions for her personally. She also supported the importance of her students to learn climate 
change science, which might suggests overall findings support the conclusion that she values her 
role as a science educator in mitigation efforts to help prevent global warming.  
Mrs. Gary 
Mrs. Gary is a marine science teacher in a large, mostly white and Hispanic, suburban 
high school in the County. She has between six and ten years teaching experience as indicated by 
the teacher survey. She previously worked as a chemist before she began teaching, and has an 
undergraduate degree in Chemistry (Pre-Med). She obtained her graduate degree in Educational 
Leadership, and has some leadership experience as a former math coach at the secondary level.  
Survey: Beliefs 
Results from item 8, which addressed beliefs about climate change as it relates to 
scientists and scientific discovery, show there was little change in her beliefs about scientists’ 
methods over the course of the semester. She agreed with the following statement in both the 
initial and final survey; “climate change is occurring and there is a significant amount of data to 
support the claim.” Changes were seen in disagreement with the claim that climate change was a 
natural cause. Initially she disagreed with the statement, but following the implementation of the 
curriculum she stated she “strongly disagreed” with it. These findings might suggest teaching the 
curriculum helped increase her beliefs about anthropogenic-induction of climate change. She 
also changed her initial stance from agree to disagree, on whether climate science needs to be 
based on controlled experiments. Again, suggesting her experience teaching the curriculum 
helped her to better understand scientific methods used for discovering climate change. The 
results of the survey indicate a change in her beliefs, which is consistent with findings from 
Bryan (2012), Guskey (1986), and Stoffels (2005), which suggest participation in this type of 
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experience can lead to a transformation in beliefs. It is possible that these belief structures were 
not necessarily strongly held before teaching the curriculum, as indicated by her responses, but 
may have strengthened once she taught the curriculum. This is consistent with Rokeach (1968) 
article that found some beliefs to be more centrally held than others, and therefore more difficult 
to change.  
Table 19. Results of Item #8 Pre and Post Surveys Statements about Climate Change 
 Pre-Survey Pre Post 
A. Most scientists accept that climate change is occurring. A A 
B. A significant amount of data supports that climate change is occurring. A A 
C. Climate change science methods are too unsure to be trusted. D D 
D.  
Climate change science creates scientifically testable predictions about the 
earth’s climate. 
A A 
E. 
The climate changes we are experiencing are primarily a consequence of 
natural (not manmade) events. 
D SD 
F. 
In order to be valid, climate change science needs to be based on controlled 
experiments.  
A D 
G. 
Because most of the knowledge of climate change is based on modeling, it 
is not a valid science idea. 
D D 
 
When asked to rank actions the government could take to help prevent climate change 
(Item 11), Mrs. Gary initially ranked the top three actions (Indicated by the letter A) as, “Educate 
the public about the problem”, “Encourage investment in renewable energy”, and “Reduce 
industry emissions.” The results of the final survey indicate that “Require household recycling” 
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replaced “Encourage investment in renewable energy” as her second choice. However, the other 
two actions remained the same. The shift seen in ranking requiring household recycling might be 
in part due to the low-cost model for promoting environmentalism, as seen with the other teacher 
participants (Diekmann & Preisendoerfer, 1992; Koll-muss & Agyeman, 2002). It is evident 
from the results of item 11 that Mrs. Gary, along with the other participants values education of 
the public as an effective way to mitigate climate change.  
Table 20. Results of Item #11 Pre and Post Rank Order Actions the U.S. Government Could 
Take 
Pre Post Action 
 B  A Require household recycling.  
 C  C Reduce auto emissions. 
 A  A Reduce industry emissions. 
 A  A Educate the public about the problem. 
 A  B Encourage the investment in renewable energy sources. 
 B  B Build more public transportation. 
 C  C Control urban sprawl. 
 B  B Switch from using coal to using natural gas. 
 
Mrs. Gary stated her level of concern for climate change (Item 12) as “somewhat” in all 
areas of the pre-survey, with the exception in her concern for future generations, which she 
indicated she was “very much” concerned for.  Upon completion of teaching the curriculum, her 
level of concern increased from “somewhat” to “very much” in how much she previously 
thought about climate change and level of personal importance. The other three items remained 
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the same. These results are consisted with the Lambert (2013) and Leiserowitz (2011), studied 
indicating the more knowledge one has about climate change, the more concerned they tend to 
be. A similar trend was seen among the teacher participants in their concern for future 
generations, as all of them admitted to being “very much” concerned for future generations upon 
completing the curriculum. Mrs. Gary has a high school aged child of her own and this might 
provide some insight for her increased level of concern for future generations. She also mentions 
the concern she has for the next generation and climate change in the interview specifically her 
own child, which is discussed later in the chapter.   
Table 21. Results of Item #12 Pre and Post Results of Concern for Climate Change  
 Pre Pre Post 
A. How worried are you about climate change? Some-
what 
Some-
what 
B. How much do you think climate change will harm you personally? Some-
what 
Some-
what 
C. How much do you think climate change will harm future generations 
of people? 
Very 
Much 
Very 
Much 
D. How much had you thought about climate change before today? Some-
what 
Very 
Much 
E. How important is the issue of climate change to you personally? Some-
what 
Very 
Much 
Survey: Understanding 
When asked to define climate change using her own words (Item 1) in the initial 
survey, she stated it was “global warming.” In final survey her definition increased in 
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complexity to include “global warming and the effects we (humans) have on our 
atmosphere”, suggesting she was considering anthropogenic impact in her final definition 
of climate change. When describing the differences between climate and weather (Item 
2), initially she stated “climate was weather over a period of time.” However, in the post 
survey she elaborated to say, “climate was average weather over a long period of time 
and weather was daily/weekly change in atmospheric conditions.” These qualitative 
findings were similar to the other teacher participants, in that she used scale to describe 
the differences between weather and climate. The findings from Mrs. Gary’s 
understanding of climate change as it relates to her ability to correctly define climate 
change also reflect the findings from the other teacher participants, in that her definition 
of climate change more closely aligned with scientists after her experience teaching the 
curriculum. 
Her responses to the Likert-type question (Item 9), which measured understanding of the 
possible causes of climate change stayed consistent from the pre-survey to the post. Initially she 
listed all items as a likely cause of climate change, with the exception of ozone depletion, which 
she ranked as most likely a cause. In the final survey, she ranked deforestation as most likely as 
cause along with ozone depletion. It is not clear that Mrs. Gary is able to make the connection 
between carbon-emitting actions and an increase in global temperature, a key factor of climate 
change. The findings related to the misconception of ozone align with other participants of this 
study, and the Reynolds (2010) article, which states “Believers…provided significantly fewer 
correct responses to the false statement “The hole in the Antarctic ozone layer is a major cause of 
climate change.” This suggests there are still commonly held misconceptions that ozone 
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depletion is a cause of climate change, not only of educated laypeople, but science teachers as 
well.  
Table 22. Results of Item #9 Pre and Post Results of Possible Causes of Climate Change  
 Pre Post 
Driving automobiles Likely Likely 
Ozone depletion Most Likely Most Likely 
Burning fossil fuels Likely Likely 
Use of nuclear energy Likely Likely 
Farming and agriculture Likely Likely 
Deforestation Likely Most Likely 
 
 When ranking personal actions she could take to prevent climate change (Item 10), 
initially she ranked her top three actions (Indicated by the letter A) as “Recycle”, “Use 
alternative energy”, and “Educate others about what they could do.” In her final survey results, 
“Recycle” remained her top choice. Again, this is not uncommon among the teacher population 
studied or the general population as a whole; as many find this pro-environmental behavior as an 
accessible action they can take personally, consistent with the low-cost, high-cost model of 
Diekmann & Preisendoerfer, 1992 and Koll-muss & Agyeman, 2002. Recycling is a relative 
low-cost action individuals can take with few barriers and therefore find it to be a mitigative 
action they are willing to take to. She did, however rank “Educate others about what they can 
do” and “Use less energy” higher in the final survey. This supports the finding seen throughout 
the study that educating the public is a viable personal action that these teacher participants feel 
	 	 125	
they can take to help prevent climate change. Suggesting they value their role as educators in 
mitigating climate change. 
Table 23. Results of Item #10 Pre and Post Results of Personal Actions  
Rank Rank Action 
 B  C Reduce use of cars. 
 A  A Recycle. 
 C  C Use more public transportation. 
 A  B Use alternative energy. 
 B  B Plant trees 
 A  A Educate others about what they could do. 
 C  B Take political action. 
 B  A Use less energy. 
 
Lastly, the content quiz indicated a great improvement in understanding. Initially, she 
scored just a 16.7%, incorrectly answering all questions related to marine geology and marine 
chemistry. However, after teaching the curriculum her score increased to 75% correct and 
answered all marine geology questions correctly. This supports Kinghorn (2014) who found that 
science teachers could learn content simply through instruction. Mrs. Gary’s results further 
support ideas form Kinghorn’s model for teacher learning in and from practice. In her interview, 
which is discussed in the next section, she stated that she is relatively new marine science teacher 
and teaching the content helped motivate her to seek out new knowledge about the content.  
 Overall, Mrs. Gary possessed some knowledge gaps in the area of climate change 
science, and some these gaps persisted throughout the semester, as observed in the classroom 
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instruction of the curriculum. In her final survey, she still ranked fossil fuels as a likely cause of 
climate change, and suggested that deforestation and ozone deletion might have contributed 
more to the change in climate than the combustion of fossil fuels. While her understanding might 
be limited, she indicated that she was very concerned about climate change, and valued her role 
as an educator in helping to mitigate the impacts on the environment.  
Interview 
Results from the interview suggest that Mrs. Gary was unfamiliar with the topic of 
climate change before she began teaching it. However, she indicated that instruction of the 
curriculum made her “pay attention to the issue more closely to climate change when she saw it 
in the news.” These findings were also reflected in the results of the survey, and are consistent 
with Kinghorn, 2014 article. She also stated that teaching the content made her think about her 
own personal actions, saying, “I had never paid that much attention before, now I really think 
about the things I buy and that I have to recycle, I’ve just became more aware of my personal 
actions and the affects I’m having.” Mrs. Gary admitted that her experience teaching the 
CHANGE curriculum altered her way of thinking about climate change. This might suggest that 
teaching the curriculum can lead to more mitigative actions from teachers as well as an increased 
understanding of climate change science.  
The results of the interview supported findings from the survey, which reiterated her 
concern for younger generations, she supported this idea in the interview by stating, “I think it is 
important for all of us to live here and to protect our world and be able to sustain it for the future. 
Like my offspring, I want to make sure he and his kids and their kids are OK for generations.” 
Mrs. Gary mirrors findings from the other teacher participants, specifically Mrs. Bradley in her 
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level of concern for climate change impacting young children, and placing an that of Mrs. Roe 
who places a climate change at a high priority for her students to learn about.  
When asked whether her personal beliefs were important for teaching the content, she too 
supported the idea of neutrality in her teaching like the other participants, stating, “I try not to let 
my personal views affect what they are learning, and I try to keep my personal beliefs out of it.” 
She went on to further compare her role in climate change education to a “documentary film 
crew,” where she could observed them in discussion, but ultimately keep her own beliefs out of 
instruction. She also supported the idea that students should make their own decisions about 
climate change through classroom discussions, but stated that it was important for them have the 
facts to support their opinions. However, as discussed in the next section, she professes these 
views about the best way for students to learn climate change, but does not provide them with the 
types of pedagogical practices she elicits. When asked why she thought remaining neutral was 
important she claimed  “teachers want students to reach decisions about climate change without 
being influenced by their teachers.” This remains consistent among the teacher participants, in 
that they think if they profess their personal beliefs about climate change they are not allowing 
their students the opportunity to learn content for themselves.  
Classroom Observations 
The observations (See Appendix) suggest her instruction of the CHANGE materials was, 
“very little” to “somewhat” reflective of the intended practices. This was supported in her 
alignment of the stated and intended purpose of the lesson and her use of strategies for teaching 
the content that were consistent with the project, which are further discussed in this section. I 
found through observations of lessons that Mrs. Gary did not connect the content to students’ 
lives and also neglected the connections to the built and natural environment. Evidence in 
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support of this came from both the rating indicators and field notes, which state, “there was little 
probing of students from the teacher to further discussions and no connections made to the built 
and natural environment during the lesson.” She also did not take any class time to discuss the 
follow-up questions from the lab with her students. She stated in the interview that discussion 
and argumentation were the best ways for students to reach conclusions about climate change in 
the classroom, however, this was not apparent through the classroom instruction of the observed 
lessons that this was occurring. Results from the observations indicate that Mrs. Gary did not 
engage students in dialogue related to the causes and impacts of climate change and students did 
not effectively communicate with one another or with her either orally or in their writing about 
climate change. Field notes support these findings, state, “(Students) struggle to engage with 
verbal and written communications of the concepts behind sea level rise.” Through my 
observations of the lessons I found that students were not engaging in dialogue related to the 
lesson within their lab groups, and their responses to the follow-up questions were limited in 
complexity and often consisted on just a few word responses.  
Mrs. Gary’s synthesis ratings for science content were “somewhat” reflective of the 
intended practices. This was supported in her instruction of the content, which was aligned with 
the materials, the amount of accurate information provided to students, and her understanding of 
the science concepts being taught. The protocol results show that Mrs. Gary was able to engage 
her students at times in the content being taught and her instruction of the curriculum aligned 
with the indented practices of the project. She was intentionally trying to emphasize some of the 
impacts of climate change in the lessons. While students were “somewhat” receptive to the 
conversations being had, their demonstration of effective communication about the causes and 
implications of climate change still fell short.  
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Summary 
 Mrs. Gary’s level of understanding of climate change, while very low prior to teaching 
the curriculum increased greatly during the semester. She emphasized the purpose of the 
activities to her students and attempted to engage them throughout instruction of the curriculum, 
through her documented enthusiasm and high level of energy in her instruction. However, Mrs. 
Gary displayed understandings during her instruction that were only very little or somewhat 
reflective of the intended practices. This was likely due to the fact that Mrs. Gary was 
uncomfortable with the content at times; this was evident through informal conversations I had 
with Mrs. Gary about her uncertainties surrounding some of the content within the lessons. She 
mentioned in her interview that this was the first full year she had taught marine science, and 
with her background in chemistry was unfamiliar with some of the curriculum. That being said, 
she sought out new opportunities to bridge the gaps in her own learning such as seeking out new 
information and paying more attention to issues of climate change within the news. She admitted 
to becoming more aware of her own personal actions after teaching the lessons, indicating within 
the interview that because of her experience teaching the CHANGE curriculum she thinks about 
things like, “I need to remember to recycle, and turn the lights off.”  
 Her concern for climate change is clear from the survey, and she indicated in the 
interview that attempts to make her students aware of the future implications, but observations 
show that this was limited happening only “very little.” She does indicate that she feels as though 
the experience of teaching the curriculum has allowed for insight on her students’ “perspectives 
of climate change and their ability to make a difference.” This further supports her beliefs about 
the future generations and her desire to live together in a more sustainable world.    
	 	 130	
RQ1 and RQ2 Summary of Findings 
1.  The following is a summary of the findings related to the teachers’ beliefs and 
understandings of climate change and sub sequential instructional practices. How do 
teacher beliefs about climate change influence their classroom instruction of climate 
change curriculum?  
2. How do teacher understandings of climate change influence instruction of climate change 
curriculum? 
Quantitative Analysis 
The quantitative data collected from the teacher survey and observation protocol were 
analyzed using the Pearson Product Moment Correlation Coefficient (PPMCC), which measures 
the linear dependence between variables. The variables measured were Teacher Beliefs/Teacher 
Understanding and Instructional Practices. The teachers’ beliefs were measured by constructing 
cumulative scores from items 8 and 12 from the teacher survey, which measured their beliefs 
about climate change and level of concern for issues related to climate change. The teachers’ 
understandings of climate change were measured by calculating cumulative scores from item 9, 
which measured their understandings of the possible causes of climate change, and scores from 
the content quiz. These variables were compared to their cumulative scores from the observation 
protocol ratings of indicators of their instructional practices and science content taught.  
 Results from the statistical analysis indicate there was essentially no correlation between 
the teachers’ initial beliefs about climate change and their classroom instruction of the 
curriculum, and any correlation found was likely due to the very low sample size of teacher 
participants. Therefore, the effect and power were very low and did not meet the parameters of 
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the statistical test. Therefore a larger sample size is needed to determine whether a correlation 
really exists between teachers’ beliefs and understandings and their instructional practices.  
Teacher Beliefs 
The following themes were identified related to the teachers’ beliefs through analysis of the 
qualitative data associated with the interview, survey, and observation protocol.  
• Anthropogenic causes 
• Importance of personal beliefs  
• Neutrality  
• Student decision-making  
• Concern  
1) Anthropogenic causes:  The teachers believe that climate change is occurring, CO2 
emissions are contributing to climate change, and humans are largely to blame. As results 
suggest from the findings associated with the survey and interview. Teachers hold strong beliefs 
about the cause of climate change being anthropogenic. In support of these results, Mrs. Bradley, 
for example stated with certainty, “I definitely believe climate change is a real issue that we have 
exacerbated it with our emissions…I personally feel the damage is pretty irreversible.” All the 
participants also agreed within the survey with scientists’ claims that climate change is 
occurring, and humans are most likely a cause.  
Further more, they supported the science of climate change and ways in which scientists 
study the topic as shown through the results of the survey. This included agreeing with the 
methods used by scientist to study the phenomena through modeling rather than controlled 
experiments. All of the participants also agreed the most effective way for government to 
mitigate the impacts of climate change are through “Educating the public about the problem.” 
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This suggests the teachers value their role of educators in informing the public, specifically 
young people about the causes and implications of climate change. Another common belief about 
governmental mitigation efforts was “Reducing Emissions,” suggesting the teachers possess the 
ability to connect carbon-emitting activities to the greenhouse effect and a change in global 
temperatures. Participants also have beliefs in line with scientists about governmental actions 
that could help prevent climate change, specifically in cutting carbon-emitting actions and 
investing in renewable energy.  
2) Importance of beliefs: The teachers believe that personal beliefs influence instruction, and 
therefore the more passionate a teacher is about the content; the better they teach said content. 
The participants valued climate change education as an important part of science education. Mrs. 
Roe supported this in her interview, stating, “Climate change is a reality and I do believe it is 
happening, and I believe students need to learn more about it.” Some participants had more 
strongly held beliefs about the topic than others, but that had little impact on their classroom 
instruction of the content. For instance, Mrs. Bradley had the most obvious professed beliefs 
about climate change and recognized the personal importance of the issue in the teacher 
interview and insisted that the “more passionate one was for the content the better they would be 
at instructing it.” She also went on to say, “I feel pretty strongly about the topic, so it makes me 
want to teach it better.” Mrs. Walters also had a high level of concern for climate change, as 
indicated in the survey, but when probed about those beliefs in the teacher interview she had 
restraint, failing to divulge additional information about those beliefs and admitted to providing 
limited information about her beliefs within her classroom instruction. The exception was found 
in Mrs. Roe’s results. She did not have overwhelmingly strong beliefs about climate change; this 
was evident from both the survey results and the interview. While she did recognize the 
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importance of teaching the content, she did not feel that teacher beliefs were important for 
quality instruction while she did support Mrs. Bradley’s claim that the more passionate a teacher 
was about the topic the better they would teach it, but also insisted that like nonbelievers of 
evolution, nonbelievers of climate change could teach the content just as well as believers due to 
the structure and comprehensive nature of the curriculum. 
3) Neutrality: All of the teacher participants intentionally chose to leave their personal beliefs 
out of their instruction in order to maintain a neutral stance on the topic. All of the study’s 
participants also stated that they attempted to remain “neutral” when teaching the content. The 
idea of neutrality can be interpreted many different ways, based on the findings of my study, I 
interpreted the concept of neutrality when teaching climate change as intentionally removing the 
concept of anthropogenically-induced climate change and resulting global warming. Mrs. Roe 
added to this and even endorsed teaching “both sides of the issue so that when they were older 
they would have a solid foundation of knowledge.” She also went on to support neutrality in the 
classroom saying, “I remain neutral so my students rarely know my thoughts or beliefs (about 
climate change).” She suggested she would contradict her own beliefs about climate change 
being a result of natural events within her classroom instruction of the topic. 
When pressed for reasons as to why this was the case, all of them cited politics surrounding 
the issue, pressures from the administration and stakeholders, and even opposition from the 
student population. It is worth mentioning that the study took place during the Fall 2016, which 
proved to be a tumultuous election season, this is further discussed in chapter 5. The teachers 
cited climate change as too controversial and politically charged, which led them to leave their 
opinions and beliefs about the topic out of their classroom instruction. This was most obvious 
among Mrs. Walters. She gave explicit examples of pushback from students, faculty, and 
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administration related to teaching climate change, specifically when discussing anthropogenic 
causes. She stated that she made tremendous efforts to remove personal bias from her instruction 
of the curriculum, and attempted to remain neutral when teaching the curriculum. She indicated 
the strongest resistance from stakeholders of all the participants. This might be an indicator as to 
why her cumulative scores from the observation protocol were the lowest among the participants. 
That being said, all of the participants cited political pressures as reason teachers maintain 
neutrality when teaching the topic. Mrs. Bradley supported this in saying, “I definitely try to 
keep politics out of it, and keep it purely factual…keeping politics out of the equation and just 
presenting data…it is hard to argue with the data.” 
4) Student decision-making: The teachers indicate the intentional removal of their own 
personal beliefs from their classroom instruction as an effort to remain neutral was necessary to 
allow students to make their own claims about climate change. The teachers stated that through 
argumentation, discussion, and the use of scientific data, students would reach their own 
decisions about the topic. This was evident throughout all the participants, but mentioned 
multiple times in the interview by Mrs. Walters. She cited this theme more than five times 
throughout the interview, and suggested that providing students with scientific data was the best 
way to elicit response, she sates, “You get the largest amount of student argumentation there (in 
controversial topics). So that's where I end up going, I’m not going to tell you my thoughts my 
beliefs, or my concepts, were going look at data and make assessment form that data about 
possibilities and science doesn’t always give us as answers.” Mrs. Gary also indicated that the 
removal of her beliefs from classroom instruction was to encourage debate and discussion among 
students. While both teachers mentioned this pedagogical method throughout the interview 
multiple times, it was not a method that was observed during the observations of the lessons. 
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Rather, the students were often seen placed in their lab groups and asked to perform the lab with 
little instruction outside of the laboratory procedures listed within the curriculum materials. 
Students were observed performing the rudimentary steps of the lab procedure with little 
engagement of dialogue from the teachers or other students. When students were provided with 
opportunities within the curriculum materials to answer discussion questions about the activities 
the teachers did not take those opportunities to engage the students in dialogue or argumentation 
within whole or small group discussions.  
5) Concern: Participants’ initial and final concerns for climate change were analyzed using 
the Wilcoxon Rank Sign Test. I found that teachers were significantly more concerned about 
climate change after teaching the curriculum (p<0.05), supporting some relationship exists 
between beliefs and instruction, if nothing else, the curriculum impacted their beliefs about 
climate change (Thompson, 1992). The teachers ranked their level of concern from somewhat to 
very much for all items on the finial survey. One exception to this increased level of concern was 
found from Mrs. Bradley, which the survey indicated her level of concern went down slightly in 
the final survey, but only slightly on two items. However, all participants agreed to be very much 
concerned for future generations. This suggests they believe the impacts of climate change will 
be seen with more severity in years to come. This might prove problematic if teachers do not see 
the threat of climate change to be pertinent to their selves.  
Overall the teachers’ beliefs about climate change were altered slightly after teaching the 
curriculum. After teaching the curriculum they were more likely to agree with scientists’ claims 
related to the causes and implications of climate change. Their level of concern increased, and 
they strengthened their belief that government action could be taken through educating the public 
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about the problem. This would suggest that experience teaching a climate-centered curriculum 
can help to alter teachers’ beliefs about the topic.  
Teacher Understandings 
The themes that were identified based on the findings from the teacher interview related 
to their understandings of climate change include: 1) The teachers identified a relationship, in 
which the curriculum helped them to better understand the topic, increased their awareness and 
understanding of climate change. These results support the findings from Kinghorn (2014), 
which suggested the experience of teaching content could increase teacher understanding. The 
greatest change in understanding of climate change was found in Mrs. Gary. Her definition not 
only increased in complexity, to include the “effects on our atmosphere” in the final survey, but 
she was also able to incorporate other observable climate change consequences in the final 
definition. Mrs. Gary also had the lowest cumulative scores related to climate change before 
teaching the curriculum, but also saw the greatest increase after her instruction of the CHANGE 
materials. The least amount of change was seen in Mrs. Walters, as her initial and final 
definitions were almost identical, initially describing climate change as “CO2 concentrations and 
temps and precipitations” and finally describing it as “temperature and precipitation and the 
effects they have on areas” in her final survey. However, she also had the greatest initial 
understanding of climate change as indicated by the pre-survey and quiz. The teachers were also 
largely aware of the likely causes of climate change, ranking combustible fossil fuels as the most 
likely cause. However, a common misconception was identified among the teacher participants. 
After teaching the curriculum all the participants identified ozone depletion as a likely or most 
likely cause of climate change. Mrs. Bradley, Mrs. Roe and Mrs. Gary also identified nuclear 
power as a contributing factor to climate change. Previous studies also show commonly held 
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misconceptions related to ozone and nuclear power are prevalent among teacher populations, 
their students, and members of the general public (Chi, 2005; Cordero, 2008: Gowda et al., 1997; 
Herman, et al., 2015, Reynolds et al., 2010). A measure of significance (ANOVA) found that 
teachers did significantly better (p<0.05) on the final content quiz than the initial. The greatest 
increase seen in Mrs. Gary’s score, as she did 50% better on the final than the initial.  This 
further supports the idea that instruction of the curriculum helped teachers learn climate change 
science. This might also suggest that incorporating climate change into the secondary science 
curriculum is an effective way to teach both teachers and students about climate change. 
2) Their understanding of climate change has been influenced by their teaching experience, 
workshop attendance, and outside information they seek out to improve their pedagogical and 
content knowledge. Mrs. Gary stated in her interview that her experience teaching the content 
made her particularly aware of her personal actions, and led her to seek additional outside 
information on the topics. This concept is also in support of Kinghorn, (2014) which suggests 
teachers learn through instruction by seeking out additional outside information.  
All of the participants recognized that their understanding of climate change has been shaped 
through their classroom instruction of the content. All of them have also been in the field for 
over eight years, and the issue of the climate change is relatively new topic, and was likely not 
part of any teacher preparation or course work they took previous to entering the field. This was 
particularly evident within the interview of Mrs. Walters. When asked what experiences helped 
to shape her understandings of climate change she paused, saying, “I’m trying to think if it has 
all been teaching…yes I think it has all been through teaching.” Findings from the survey 
suggest that the CHANGE materials assisted in furthering their understanding of climate change, 
increasing their content knowledge in all areas after instructing the curriculum. However, there 
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was no mention of ozone or nuclear power in any of the curriculum materials or teacher 
workshops, suggesting there is a need for professional development to address these 
misconceptions in an effort to contest them and prevent them from being promoted in the science 
classroom.  
3) They value their role is as informants for others. The participants ranked “Educating the 
public about the problem” as the most important action they personally could take to help 
mitigate the impacts of climate change within the survey. It was ranked as the top item by Mrs. 
Walters and Mrs. Roe, and the second highest by Mrs. Bradley and Mrs. Gary, indicating all 
participants valued their role as educators in mitigation efforts. They also support mitigation 
efforts by personally using less or alternative sources of energy sources. There was a wide range 
of top ranked actions the teachers identified in the survey, from low-cost accessible actions such 
as recycling to higher-cost more difficult actions such as using less energy, or reducing the use of 
cars. Mrs. Gary stated in the final survey one of the reasons why she taught climate change was, 
“because it is important that this generation (of young people) understand the importance (of the 
issue) so they can take care of our world,” further supporting their role as educators of climate 
change. 
Classroom Instruction  
Findings from the data collected from the classroom observations suggest the CHANGE 
curriculum provided teachers with a place within the curriculum to teach climate change that was 
not previously there. The teacher participants initially indicated in the survey they were teaching 
“some” amount of climate change instruction, while after teaching the curriculum they reported 
“extensive or explicit” amounts within the post-survey. Mrs. Roe cited this specifically in her 
interview, and suggested the materials have led her to consider other opportunities for 
	 	 139	
interdisciplinary instruction of the content. Overall, the teacher participants did not support 
student engagement of dialogue related to the causes or implications of climate change in their 
instruction of the lessons observed. While the teachers stated their intended purpose of leaving 
personal beliefs out of instruction was to encourage dialogue among students, these methods 
were not observed taking place during the lessons observed. Mrs. Walters and Mrs. Gary were 
strong proponents of this method. Mrs. Walters insisted “presenting students with scientific data 
and allowing them to reach their own conclusions (about climate change) through discussions” 
was an effective was of supporting these methods and Mrs. Gary suggested within the interview 
that discourse was an effective way for students to learn climate change. She even went on to call 
herself the “documentary film crew” and admitted to playing devil’s advocate during these 
discussions. While this may have been apart of her other daily instruction, the methods described 
were not witnessed during the CHANGE lessons observed for the study. Mrs. Walters also 
insisted that providing students with the data and allowing them to engage in discussion would 
likely lead them to ultimately form their own beliefs and understandings of climate change 
rooted in data, stating “for the most part the students see the trend just as I do, but I don’t want to 
force-feed them that data. We talk about the cyclical patterns and what is happening now versus 
the past, and what might be the cause of that change,” however, this too went unobserved.   
The participants did not make personal connection between the place-based nature of 
climate change and the impacts on the built and natural environment around them through their 
instruction of the curriculum. While the stated purpose of the activity was often closely aligned 
with the intended CHANGE practices, the actual implementation of the lesson was not closely 
aligned. Mrs. Bradley made explicit mention of this in her teacher interview, suggesting that this 
topic was of great importance to her personally, “due to her proximity to the coast, and the low-
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lying neighborhood that she both lived and taught in.” However, this connection was not made 
during the lessons observed, and therefore students did not engage in dialogue, or writing about 
the place-based nature of climate change.  
 The teachers’ synthesis ratings for the implementation and science content taught was a 2.5 
out of 4, demonstrating instruction was “very little” or “somewhat” reflective of the intended 
practices of the designed curriculum materials. The lowest synthesis ratings for instruction were 
found among Mrs. Walters and Mrs. Bradley, while Mrs. Roe and Mrs. Gary had only slightly 
higher ratings. The teachers were often observed going through the steps of the lab or activity 
without making explicit connections as to how climate change was related to their students’ daily 
lives. For instance, Mrs. Roe precisely followed the step-by-step guidelines of the lab and even 
went so far as to create a list of steps for students to follow when not there, ultimately removing 
much of the inquiry from the laboratory activities. She mentioned of the importance of having 
more guided labs for secondary students in the interview, and made suggestions for improving 
the materials to be less inquiry-based. Ultimately, the students did not communicate effectively 
about the causes or implications of climate change. Results indicate that while teachers believe 
that humans are a major cause of climate change, they are not explicitly emphasizing this in their 
classroom instruction. Again, the teachers were intentionally removing anthropogenic 
associations of climate change in an effort to remain neutral. The participants all stated the 
curriculum helped their students learn climate change science, whether this was the case will be 
further addressed in research question 3 findings and analysis.   
In order to determine whether the controversial nature of climate change was causing 
teachers to remain neutral, and possibly suggesting reason for the negative correlations found 
between instruction and beliefs/understandings follow-up classroom observations were 
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performed. The observations took place during instruction of content related to marine 
vertebrates. I found that there was essentially no difference in the teachers’ instruction of the 
non-controversial content during the lessons observed. This was supported in the limited amount 
of connection to students’ lives the teachers made during the follow-up lessons observed. They 
did not connect the content with prior lessons, and essentially taught the very different content in 
similar ways, rudimentarily going through the steps of the procedure with no connection to the 
broader scope of the content.   
Research Question 3  
Research question three asked, “What impacts do teacher beliefs and understandings 
about climate change have on student outcomes (understanding of climate change and 
willingness to take mitigative action)?” 
Pre-survey data used for the analysis was collected from over 1,000 different students 
participating in the curriculum intervention across the school district. Because pre-survey data 
was not available for this study’s student participants, I used the pre-survey data available from 
the other participants for comparisons of means. There was no reason to assume that the pre-
survey data for the other student participants would be any different than the students who 
participated in my study because they were a representative sample of the overall population. 
Student data were analyzed in the following ways, pre- versus post-survey results, comparison 
between groups, and comparison of results of students versus teachers. The following items were 
selected from the student survey (See Appendix G) for analysis of student data in an effort to 
measure the impact instructors had on students’ understandings and beliefs of climate change, 
items 1,2,4,6,7,8. The output for the statistical analyses can be found in Appendix J.   
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Understandings – Content 
Embedded within the marine science midterm were fifteen questions related to climate 
change that were developed by the CHANGE project before the school year. The questions 
asked students a variety of multiple-choice questions related to the materials covered in the first 
semester of the CHANGE curriculum. The results of the midterm were compared to the teachers’ 
understanding as measured by their total score on the content quiz and understandings of survey 
items.  
I found there was a relatively high correlation (r=0.727) between the teachers’ initial 
understandings of climate change and the students’ midterm scores. The teachers’ scores on 
survey question 9, the content quiz, and their student participants’ scores on the midterm exam 
were used to measure the correlation. This suggests the more a teacher knows about climate 
change before teaching the curriculum, the better their students will score on the midterm exam. 
However, while the initial correlation was high, there was a weak correlation (r=0.305) between 
the teachers’ final understanding of climate change and their students’ scores on the midterm 
exam. This was likely due to an increase in understanding of the content by all the teachers after 
instructing the curriculum.  
 The participants’ calculated instruction scores from the classroom observation protocol 
were analyzed to determine if there were correlations between the teachers’ instruction of the 
curriculum and the students’ achievement. I found there was relatively low negative correlation 
(r=-0.353) between these two variables. Lastly, teacher beliefs as measured by cumulative scores 
on items 8 and 10 from the survey were used to determine if a correlation existed between 
teacher beliefs and student understandings. I found there was no correlation between the 
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teachers’ initial (r=0.061) or final (r=-0.174) beliefs about climate change and their students’ 
understanding.  
The midterm exam results of the teacher participants of were also compared with one 
another using ANOVA and post hoc multiple comparisons Tukey test. The following differences 
in means were found: Mrs. Gary’s students’ scores on the midterm were significantly different 
(p<0.05) than the rest of the student participants’ scores. It is worth mentioning that Mrs. Gary 
had the lowest level of understanding of climate change before teaching the curriculum as 
determined by the results of the survey items 9 and 11 and the content quiz.  
Understandings – Personal Actions 
 The following section compares and contrasts the survey results of the teachers and their 
students as it relates to personal actions to mitigate climate change. Overall, there was no 
difference in means as measured by the Wilcoxon Rank Sign Test between teachers and their 
students, additionally there were no significant differences among the student populations in a 
measure of between groups analysis of variance. The student population as a whole ranked 
“reduce the use of cars” and “recycling” as the top ranked actions in the post-survey. The 
findings are discussed below.  
Overall, I found Mrs. Walters’ students ranked “recycling” and “reducing the use of cars” 
as the highest among the choices for personal actions to reduce the impact of climate change, 
while “taking political action” ranked last on the list. This is likely due to accessibility of 
political action for school-aged people. Because political action is not an option for many of the 
students, they do not see it as a viable action for them to take in personal mitigation efforts. In 
comparing these results to Mrs. Walters, she also ranked recycling and reducing the use of cars 
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as her top actions in the initial survey. In her final results, however, she suggested using less or 
alternative energy to be better personal actions for her to take.  
Mrs. Gary’s students indicated recycling as the top ranked action, similar to her own 
ranking, which she ranked the action as first in both the initial and final survey. Mrs. Roe’s 
students also ranked reducing the use of cars and recycling as the top action, where as Mrs. Roe 
ranked recycling as the second highest action in the final survey. Recycling also remained the 
highest-ranking action among Mrs. Bradley’s student population. This is contrary to her own 
survey results, in which she ranked recycling as the last ranked personal action to take, 
suggesting, that regardless of the teacher’s ranking, students still value recycling as a viable 
personal action to mitigate climate change. 
No significant differences were seen between the initial or final results of the teachers 
and their students. Recycling remains a highly ranked personal action in both the pre- and post-
survey results for the student population. This may be due to the accessibility of the pro-
environmental behavior of recycling, which students are attributing to mitigation efforts 
(Diekmann & Preisendoerfer, 1992; Koll-muss & Agyeman, 2002). 
Understandings – Causes 
Students were asked how likely human actions were contributing to climate change. Over 
half of the student population agreed they were “certain” humans were contributing, or thought it 
was “very likely.” However, they too have similar persistent misconceptions related to ozone and 
nuclear energy as contributors to climate change.   
The means of the student participants’ post-survey results were compared and significant 
difference in the ranks of causes were found between/within Mrs. Walter’s students and Mrs. 
Gary’s students. Additional, comparisons of the pre- and post-survey results found that Mrs. 
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Walters’ students’ post-survey rankings of causes of climate change were significantly different 
from the pre-survey results. Initially the students’ ranked the following as the top three causes of 
climate change: 1. Burning Fossil fuels 2. Driving Automobiles 3. Ozone Depletion. These 
results were the same for the other three teacher participants’ students except for Mrs. Walters, 
whose students ranked the causes of climate change as, 1. Burning Fossil Fuels 2. Ozone 
Depletion 3. Driving Automobiles (p=0.046). While these findings were significant statistically, 
the change was not necessarily meaningful, as the order remained similar.  
The student between groups and pre- post- data were analyzed using an ANOVA test to 
determine whether the teacher had an affect on the rankings of the causes of climate change. I 
found no significant difference in the student ranking based on teacher. This suggests that the 
teacher alone does not have a significant affect on student ranking. The items were also analyzed 
using an ANOVA and post-hoc multiple comparisons Tukey test to determine if certain items 
had an affect on the ranking of the causes. I found that students ranked deforestation significantly 
lower (p<0.05) (less likely cause of climate change) than all other items within the question 
related to causes of climate change. They also ranked burning fossil fuels, driving automobiles, 
and ozone depletion significantly different p<0.05 (most likely cause of climate change) than the 
other survey items. The findings for each teacher’s student population are discussed below.  
Students also asked to define climate change and rank the possible cause of climate 
change from a given list. Overall, the students recognized combustion of fossil fuels (driving 
automobiles and burning fossil fuels) as the most likely causes of climate change, indicating that 
they recognize the contribution of these actions to climate change. 33.67% of Mrs. Walters’ 
students were certain humans were contributing to climate change, while 37.76% thought it was 
very likely. I found there was a prevalence of the term “ozone” in the student definitions, 
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including: “The changes of the weather and the thinning of the ozone layer. They are speaking 
about the effects of human or natural effects that'll occur in the environment which might worsen 
or improve.” 52.58% of Mrs. Walters’ students thought ozone was a most likely cause of GCC 
and 36.08% thought it was a likely cause. Nuclear energy was also recognized as a most likely 
cause of climate change by nearly half (49.48%) of students, and most (64.95%) recognized 
burning fossil fuels as a most likely cause of climate change. Similar results were seen in Mrs. 
Walters’ survey, as she ranked both ozone and burning of fossil fuels as a most likely cause in 
the final survey, however, she ranked nuclear energy as an unlikely cause in both the initial and 
final.  
A majority of Mrs. Bradley’s students also indicated that climate change is impacted by 
human actions. 35.19% said they were certain, while 33.33% thought it was very likely. Ozone 
depletion was also recognized by over half the students (50.94%) as a most likely causes of 
climate change and 41.51% recognized it as a likely cause of climate change. 62.26% recognized 
driving automobiles as a most likely cause, and 60.78% indicated burning fossil fuels as a most 
likely cause. These results were similar to Mrs. Bradley’s rating, which described ozone as a 
likely cause, and driving automobiles and burning fossil fuels as most likely causes of climate 
change.  
40.38% of Mrs. Roe’s students said it was very likely climate change has been affected 
by human actions, and 45.19% said they were certain that human actions were negatively 
impacting climate change. 70.94% of her students thought that ozone depletion was a most likely 
cause of climate change, while 56.86% also thought that nuclear energy was a most likely 
contributor. Students supported these misconceptions through their definitions of climate change, 
one student stated “Global warming, Change in sea level, change in ozone layer levels, change in 
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amount of CO2, and change in Greenhouse gasses”. Another student stated “Higher amounts of 
ultraviolet rays entering through the growing hole in the ozone layer, consistent melting of polar 
ice caps, and shift in genetic equilibrium of plants and animals trying to adjust to climate 
change”. 
While misconceptions were persistent among Mrs. Roe’s students, over 70% recognized 
automobiles as a contributor and 83.3% said burning fossil fuels were also a most likely cause of 
climate change. This suggests that while they have existing misconceptions related to the causes 
of climate change, her student population overwhelmingly recognizes carbon emissions as a 
most likely cause of GCC. Mrs. Roe also ranked ozone, driving automobiles, and burning fossil 
fuels as most likely causes of climate change in both her initial and final surveys.  
Lastly, 42.35% of Mrs. Gary’s students said they were certain humans were contributing 
to climate change, while 38.82% and said it was very likely. Ozone depletion as a cause of 
climate changes ranked the highest among Mrs. Gary’s student population, with 73.42% of the 
population indicating ozone depletion was a most likely cause of climate change. Some examples 
in support of this were found among student definitions, which are listed below in their responses 
to “what do scientists mean when they talk about climate change”. Responses included, “I think 
about ozone depletion and glaciers melting.” “Warming of the oceans and the sea level rising. 
Thinning of the Ozone layer. Warmer and shorter winters.” “Any change in temperature, 
especially a drastic change, in specific areas for an extended period of time. And also focusing 
on the effects those changes have on the ozone.” Mrs. Gary listed ozone as one of only two most 
likely causes of climate change, suggesting she might have perpetuated this misconception 
throughout her instruction of the curriculum.  
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Overall, students had similar misconceptions related to the causes of climate change, not 
unlike their teachers. That said, they also recognized combustible fossil fuels as a likely 
contributor of climate change and were certain that humans contribute to the problem. This 
might suggest there would be less resistance from the student population than expected if 
teachers included anthropogenic causes of climate change in their classroom instruction of the 
curriculum, as opposed to remaining neutral.  
Beliefs – Government action 
 Survey item 10 asked students to rank potential actions the government should take to 
help mitigate the impact of climate change. All populations were analyzed using the Wilcoxon 
Rank Sign Test, and no significant differences were found. Of the seven action choices, the top 
ranked actions for the students were “reduce auto emissions”, “reduce industry emissions”, 
“encourage investment in renewable energy”, and “educate the public about the problem.” These 
results suggest students are making the connection between carbon dioxide emissions and 
climate change, and believe that controlling emissions could help alleviate the problem. These 
results might also suggest they believe that education of the public could help in mitigation 
efforts. No significant differences were found in the analysis of variance between groups and 
from pre- and post-survey results. The findings from the student data are similar to the teacher 
participants; results are discussed below.  
Mrs. Walters’ students ranked the following government actions as top priorities for 
mitigating climate change. 37.63% of the students ranked “educate others about the problem” as 
the top action to take, suggesting students recognize the importance of the government in 
informing the public about the problem and ways to reduce their impact. They also ranked 
reducing emissions and encouraging the use of alternative energy sources as top choices, 
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suggesting the role of government is important in controlling carbon emissions.  Interestingly, 
Mrs. Walters was the only teacher participant who did not rank “educate others about the 
problem” as a top ranked governmental action. She did, however, rank reducing emissions as her 
top ranked actions in both the pre- and post-surveys.  
Mrs. Bradley’s students ranked the following government actions to be taken to reduce 
the impacts on climate change as the top actions, “reducing carbon emissions”, “educating the 
public about the problem”, and “encouraging renewable resources”. These results indicate that 
Mrs. Bradley’s students recognize the importance of the role of government is reducing carbon 
emissions and believe the government can help in controlling climate change through educating 
the public about the problem. While these student results were not statistically different from 
Mrs. Bradley’s, they do read quite different, in that she ranked reducing emissions low on the 
list, while items such as control urban sprawl and build more public transportation were much 
higher. This might suggest that regardless of teacher beliefs about government actions, students 
recognize the greatest contributor of climate change to be carbon emissions, and therefore rank 
those actions highest.  
The following government actions remained highly ranked among Mrs. Roe’s students. 
The top ranked choices were: “reduction of emissions”, “educating the public about the 
problem”, and “encouraging investment in renewable resources”. The rankings of the students 
were quite similar to other students as well as Mrs. Roe’s final survey results. Lastly, Mrs. 
Gary’s students ranked “reducing auto emissions”, followed by “reducing industry emissions” 
and “encouraging renewable resources”, as the top choices. These findings, while not statistically 
different, were contrary to Mrs. Gary’s rankings, as she ranked “reduce auto emissions” nearly 
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last in her final survey. She did, however, recognize “reducing industry emissions” and 
“educating the public” as top priorities for the government to take in the final survey.  
Overall, students recognize the importance of reducing emissions and educating the 
public as important efforts for government to mitigate the impacts of climate change. This might 
suggest their understandings of carbon-induced climate change are informing their beliefs about 
governmental actions.  
Beliefs – Concern 
Overall, the students were found to have a high level of concern for climate change. 
Students were found to have a significantly higher level of concern for future generations 
(p<0.05) than other survey items, including concern for personal harm and worry. These findings 
are similar to that of the teacher participants, while not statistically significant. The teachers 
unanimously ranked their concern for future generations as  “very much.” Mrs. Gary and Mrs. 
Bradley specifically addressed their concern for future generations in the teacher interview and 
suggested that their students were of the generation they were concerned for. However, when the 
data was analyzed using an ANOVA to test for significance among the student populations, I 
found that teacher had no effect on the students’ level of concern. When I analyzed the pre- and 
post-survey data of the student participants’ I found Mrs. Bradley and Mrs. Roe’s students had 
significantly greater levels of concern (p<0.05) for climate change after experiencing the 
curriculum than the other student participants. It is unclear if this was a direct result of their level 
of concern as instructors or through their instructional methods, further data would need to be 
collected to determine if this were a direct correlation or causation.  
When asked about their concern for climate change nearly half of Mrs. Walters’ students 
(49.46%) were very much concerned about harm to future generations, suggesting they may not 
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see themselves as the “future generation.” This might support the idea that the threat of climate 
change is not pertinent to them as they were only a little to somewhat worried about climate 
change harming them personally. Mrs. Walters’ concern for climate change increased in all areas 
from her initial to her final survey. Overall, her students had lower levels of concern for all items 
than Mrs. Walters did.  
The results from Mrs. Bradley’s students’ survey measuring concern for climate change 
suggest they recognizes the potential harm to them personally, but also have a high level of 
concern for future generations. 57.69% of students admitted to being very much concerned for 
potential harm of climate change on future generations. Mrs. Bradley’s concern went down 
slightly after teaching the curriculum, but remained high in the area of concern from future 
generations.  
Mrs. Roe’s students’ concern for climate change ranked the highest in their concern for 
future generations, 71.15% of the student participants. They admitted to being  “very much 
concerned.” While Mrs. Roe did not have the greatest level of concern of the teacher 
participants, she did indicate that she too was “very much” concerned for future generations. 
Lastly, Mrs. Gary’s students were also concerned for future generations, and 62.35% said they 
were very much concerned. Mrs. Gary also had a high level of concern for the items, and ranked 
all but one item as being “very much” concerned. She also stressed her concern for future 
generations in the teacher interview, which she mentioned her concern for her students and her 
own children.  
These results from the student data might suggest that students remain concerned for 
climate change, especially when it comes to future generations. However, they may not see 
themselves as the future generation, placing a greater level of concern for the future than 
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themselves personally, similar to the teachers. This could prove to be problematic if continued 
generations do not recognize climate change as a problem that will impact them personally.  
RQ3 – Summary 
 Overall, the findings from the data analyzed for Research Question 3 suggest that the 
teacher participants had little significant impact on students’ beliefs or understandings of climate 
change, with the exception of the difference between group means for midterm scores. This 
might suggest teachers’ initial understandings of climate change impacted the outcomes of 
student midterm scores. The varying level of content knowledge or the differences in use of 
curriculum might account for some of the statistical differences, however, further data would 
need to be collected and analyzed to further answer this question and other confounding 
variables.  
These findings are not unexpected as the results from Research Questions 1 and 2 
suggested all of the teacher participants taught the curriculum similarly. Overall, students were 
concerned for the harm climate change will have on future generations as their teachers did, but 
do not see the threat relevant to them personally. Additionally, they recognize the impact of 
carbon emitting processes on climate change, including industry and automobiles, but hold 
similar misconceptions as the teachers related to ozone and nuclear energy as likely contributors.  
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Chapter 5: Discussion and Conclusion 
Introduction 
 In this chapter I present my conclusions and implications of the research study in an 
attempt to make meaning of teachers’ beliefs and understandings of climate change and their 
impact on instructional practices and student outcomes. This chapter begins with an overview of 
teacher beliefs and understandings of climate change as a framework, followed by a summary of 
the findings and conclusions. Lastly, I will discuss the implications of the research and 
recommendations for possible future research.  
Model of Teacher Beliefs 
 A model was introduced in chapter three as a way to represent the relationship among 
teacher beliefs, classroom practices and their impacts on student outcomes. The model has been 
modified based on the findings from this study and is represented in figure 4 below. Inclusion of 
teacher understandings of climate change as an informant of their beliefs and resulting 
instruction practices of climate change was added to the model. Findings from my study indicate 
the more informed a teacher is about climate change science before teaching the curriculum, the 
better their classroom instruction and resulting student outcomes. Additionally, findings from 
this study suggest the CHANGE curriculum had resulting impacts on the teachers’ instruction of 
climate change, and student outcomes. The back and forth arrow represents the process by which 
the CHANGE curriculum impacted teachers’ instruction of the curriculum as the teachers’ 
practices impacted the implementation of the curriculum, therefore the two do not exist 
separately. An additional back and forth arrow was added to represent the impact that teaching 
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the CHANGE curriculum had on the teachers’ understandings and beliefs about climate change.  
Finally, student outcomes were a result of the entire process and not necessarily just the 
instruction of the curriculum. Findings suggest the implementation of the curriculum had an 
impact not only on student outcomes, but teacher beliefs and understandings as well.   
 
Figure 4: The Relationship Redefined* 
* The figure represents the relationship among teachers’ beliefs and understandings and their 
impacts on classroom practices and resulting student outcomes.  
Neutrality of Beliefs 
Thompson (1992) claimed teachers’ beliefs to be largely tied to their instruction and thus 
they impact student understanding and response to content. Furthermore past research indicated 
that individual beliefs could have a profound effect on the implementation of curriculum and 
ultimately student learning (Keys, 2005; Olson, 1981, Pajares, 1992). However, instructors can 
often times be faced with the difficult task of educating learners about content that they don’t 
agree with, or may be uncomfortable teaching, such as climate change. While teachers may hold 
certain beliefs worthy of instruction these beliefs they may not uphold these beliefs in their 
actual instruction are not always reflected in their teaching practice (Kinchin, Hatzipanagos, & 
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Turner, 2009; Shi & Lin, 2014; Waters-Adams, 2006). Findings from my study suggest a gap 
exists between teachers’ personal beliefs about climate change and how to effectively 
communicate these beliefs to students through instruction of the topic. This study found that 
teachers’ beliefs about climate change did not impact their instruction of the curriculum. The 
connection between the teachers’ professed personal beliefs about climate change and their 
instruction of the issue was not evident even when curriculum materials were provided. In fact, 
teachers indicated they intentionally removed their personal beliefs about the topic as not to 
appear bias in their instruction, which might be, in and of itself a manifestation of their own 
beliefs’ impacting their instruction.  
The relationship between understandings and beliefs as recognized in the literature 
review are complex and interactive and can inform each other. Initially, teacher beliefs were 
defined as a group of psychological constructs that make up human cognition and therefore are 
thought to drive their actions (Bryan, 2012). However, findings from my study suggest 
understandings of climate change may influence teachers’ beliefs about climate change although; 
these beliefs do not necessarily impact instructional practices of the climate change curriculum. 
In fact, quantitative and qualitative findings from my study indicate just the opposite. I found 
initial beliefs to have essentially no correlation with classroom instruction of the curriculum, and 
final beliefs had a negative correlation with instruction of the curriculum. Furthermore, an in-
depth look into teachers’ beliefs about climate change were discovered through the survey and 
interview, findings from these data suggest teachers’ beliefs about climate change that were 
commonly held among the teacher participants were not reflected in their classroom instruction 
of the curriculum.  
	 	 156	
There may be a number of reasons to support these findings, one of which is represented 
in Hunter and Markman’s study (2016), which suggested a new definition for teacher beliefs. 
They define beliefs as operational instead of epistemological in their definition. Their study 
suggests having a belief, such as concern or level of importance of climate change science does 
not necessarily result in classroom practices that address these beliefs, rather the belief must be 
active during the process of teaching to be deemed an operational belief. They suggest future 
implications of research in which teachers hold beliefs they do not appear to act on during 
classroom instruction, and further, to ask why teachers do not act in accordance with those 
beliefs. The following section provides some insight into their questions related to science 
teacher beliefs and resulting instructional practices within the context of climate change 
education.  
Past studies have indicated that climate change is commonly avoided in everyday 
conversation, due to its controversial and politically charged nature and people may take 
personal offense and society tends to be divided on the issue. The two separate views of climate 
change are conflicting, which makes advocating for one solution difficult (Evans, Avery, & 
Pederson, 2000; Hoffman, 2011; Stradling, 1985, Wellington, 1986). However, it might be that 
people reserve conversations about climate change for those who are likeminded, avoiding 
controversy when their opinion might not be shared. The student population, which teachers 
instruct was largely made-up of likeminded “believers” of climate change (80.25%). However, 
when interviewing the teachers, they assume large portions of their student population are 
nonbelievers, and therefore teachers avoid discussing the controversial nature of the topic. They 
did not, however, avoid discussing their personal beliefs about climate change with me during 
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the interview, or openly amongst other science teachers at professional development 
opportunities including workshops and conferences.  
Cross and Price (1996) reported teachers are likely to present the least controversial of 
topics in science classrooms. In the study, teachers reported teaching “both sides” of a 
conflicting issue as to avoid any bias or personal values that might be expressed through 
instruction of just one side of the debate. It was clear from the findings of my study, teachers 
often presented the topic of climate change as “debatable” and indicated that the issue of climate 
change was “two-sided.” Because controversial issues such as climate change tend to make 
students and teachers uncomfortable, the presence of the issue in the science classroom can 
disrupt the classroom environment (Philpott, Clabough, McConkey, & Turner, 2011). This might 
suggest reason as to why the teachers’ remained neutral in their instruction in an attempt to avoid 
controversy. However, controversial as it may be, it is nearly impossible to avoid the topic in the 
present-day science classroom as the issue of climate change is one of the most pressing social, 
political, economic, and environmental issues of our time.  
It is critical to engage students in discourse that challenges them ethically in order for 
students to become more informed citizens, be able to develop skill necessary to take part in 
democratic discourse, and cultivate resolution (Gore, 1999; Lockwood & Harris, 1985; Reitano, 
Kivunja, & Porter, 2008).  The teachers suggested that removing their own personal bias from 
instruction of the content would lead to increased discourse and discussion of scientific data 
related to the controversial topic. They thought this was the best way for students to reach 
desired conclusions on the topic, related to anthropogenic causes of climate change. However, 
this was not occurring in the science classrooms observed. There were little conversations being 
had between or among students or the teacher. Students were ultimately going through the 
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process of the activities with little dialogue or writing to suggest they were able to articulate 
arguments based in science surrounding climate change.   
There is disagreement within the research as to whether teachers should remain neutral in 
their instruction (Oulton et al., 2004). Teachers engaged in controversial science instruction are 
faced with the difficult task of addressing their own personal beliefs and values, and can feel as if 
they are exploiting students through their own personal biased instruction (Sadler, 
Amirshokoohi, Kazempour, & Allspaw, 2006). I would echo Oulton et al. (2004) for teachers to 
share their own personal stance on issues with students and be explicit in the way in which they 
reached their stance. I would also suggests that by remaining neutral and not professing their 
personal beliefs about climate change, students are loosing an opportunity for insight into 
educated, knowledgeable mentors, and are by-in-large left to the opinions of climate change that 
overwhelm news media, which may not be as trustworthy.  
Findings from my study suggest that teachers are so concerned about the controversial 
nature of climate change that they admittedly remain neutral in their instruction of the content. 
The teachers chose not to focus solely on anthropogenic-induced climate change science as the 
primary cause of global warming. While they recognize the importance of regulating of 
combustible fossil fuels and human-induced carbon emitting actions in the survey and interview, 
they did not advocate for solutions to mitigate those actions in their instruction of the content. 
The teachers cited political pressures and the overall political climate of the fall 2016 as the main 
reason they chose to remain neutral in their instruction of the topic. In doing so, they admitted to 
avoiding political controversy or negative backlash from students, administrators, or 
stakeholders. They compared the issue of climate change to evolution and admitted to having 
similar pedagogical styles when it came to teaching both topics. It may be due to the political 
	 	 159	
climate of the fall 2016, which was tumultuous and presented a type of political banter that was 
previously uncharted for American politics that led teachers to be particularly sensitive in 
addressing the controversial nature of climate change. It might also suggest the matter of climate 
change is as centrally held personal or political value as religion. Leading me to ask the question 
if political beliefs as controversial, personally charged, and centrally held as religious beliefs. It 
is evident from the findings a gap exists between teachers’ professed personal beliefs about 
climate change and how to effectively communicate these beliefs through classroom instruction. 
Further questions to be addressed include what is it about the political controversy of climate 
change that cause teachers to avoid teaching the science behind the issue and how do we as 
science teacher educators attempt to close this gap? 
Concern for Climate Change 
Papadimitrious (2004) found climate literacy to be associated with beliefs about global 
climate change. Additionally, Lui’s study (2015) found nearly all teachers believed that human 
actions have an affect on the natural environment, and most teachers agree that if the current 
climate situation continues, there will be devastating environmental consequences. These same 
feelings were echoed from the teachers in the study. The participants agreed with scientists’ 
claims of anthropogenic causes of climate change, and over half of the student participants 
(N=351) were certain humans were contributors of climate change, or thought it was very likely. 
In addition, all of the teacher participants, and a large majority of the students admitted concern 
for the current state of climate change, specifically when it came to their level of concern for 
future generation. While the teachers saw students as future generations, students were 
significantly less (p<0.05) concerned for themselves personally than future generations, 
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suggesting students may see climate change as a distant threat, and not necessarily relevant to 
them personally. 
 From these findings it is clear that a large majority of teachers and students are aware of 
the anthropogenic causes of climate change, and have a high level of concern it will have on 
future generation. However, the threat of controversy and political backlash still outweighs 
teachers’ level of concern and personal beliefs, leading them to avoid the issue of anthropogenic 
causes in their classroom instruction of the curriculum, which is at the root of the other aspects of 
the curriculum they are avoiding in their instruction. They also failed to include the aspects of 
the place-based nature of climate change, and did not connect the materials to students’ daily 
lives. I argue both of these aspects also require addressing the anthropogenic nature of climate 
change.  
A Place for Climate Change Education 
We are aware that most science teachers do not formally include climate change in their 
curriculum (Wise, 2010). One of the greatest hurdles for climate change education is curricular 
constraints, and a lack of place within the existing curriculum, which allow science teachers to 
easily include the topic in their instruction (Jones & Carter, 2007). The CHANGE curriculum 
helped to resolve this barrier and provided a place for climate change education in the existing 
curriculum that was not there before. Findings from the study suggest the implementation of the 
curriculum led participants to teach significantly more (p<0.05) climate change content, 
increasing their level of instruction from “some” to “extensive/explicit.” Additionally, findings 
suggest experiencing the curriculum significantly increased teachers’ and students’ level of 
concern for climate change. 
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Another of the many reasons climate change education is often left out of many science 
classrooms is due to teachers restricting their instruction to the well-understood and 
uncontroversial areas of science. However, this misrepresents science as a body of knowledge 
rather than a process of discovery, supporting the transmission method of teaching facts from 
teacher to student and not allowing for students to participate in inquiry about less-known areas 
within the field (Bentley et al., 2007). The CHANGE project attempted to transform climate 
change education through inquiry-based, personally relevant, and place-based authentic science 
experiences. This type of approach promotes connections to their community within the context 
of classroom activities and investigations of real-life problems can foster student support for 
improvement of their neighborhoods (Smith, 2007).  
The teachers recognize the importance of inquiry-based methods as a way to gain student 
interest in the topic, but are not employing theses methods into their pedagogical approach, based 
on the results of the classroom observations. Students are often completing the steps of the lab 
without engaging in the process of inquiry. Findings from the study also indicate that teachers 
are not spending instructional time emphasizing the local place-based nature of the materials, or 
connecting the content to students’ daily lives. Little to no connections were made to students’ 
lives to make the topic personally relevant, in an effort to engage students and increase level of 
concern. This proves problematic, as students uphold the science classroom as an important 
source of their knowledge, and therefore expect their teachers to be informing their awareness of 
theses issues (Gunter, Kinderlerer,  & Beyleveld, 1998). The teachers’ failed to adequately 
instruct the curriculum as intended by the CHANGE project, as indicated by findings from the 
classroom observations. Therefore, improved professional development and workshops are 
necessary in the future when disseminating the CHANGE curriculum materials or other climate-
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centered curriculum. This includes necessary demonstrations of the lessons and modeling of how 
they should be taught within the classrooms. In-depth conversations with the teachers about the 
best ways to engage students in conversations about climate change need to be facilitated. 
Teachers need to engage with other professionals and peers about ways to engage students in 
learning about climate change science and how to connect the content to the daily lives of 
students. The place-based nature of the curriculum needs to be emphasized within professional 
development opportunities, including the reason why it is important and how emphasizing place-
based approaches can increase student engagement and understandings of the content.  
Pedagogical methods that support place-based education should be demonstrated and discussed 
within workshops and trainings to provide teachers with the tools necessary for employing these 
techniques within their classroom instruction of a climate-centered curriculum.  
Misconceptions 
Dawson and Carson’s (2013) study found that nearly half their student participants 
thought the greenhouse effect was caused by ozone gas. In addition, students, like teachers also 
tend to misunderstand how the greenhouse effect is contributing to global warming and tend to 
confuse features of the greenhouse effect with the ozone layer and ozone depletion (Boon, 2010; 
Hansen, 2010). Furthermore, Reynolds (2010) stated, the believers of climate change were more 
likely to incorrectly respond to the following question statement “The hole in the Antarctic ozone 
layer is a major cause of climate change” than non-believers. Lastly, teachers are typically 
underinformed about climate change science and hold similar misconceptions to the public about 
the causes, consequences of climate change and solutions to global warming (Lambert, 2013; 
Leiserowitz et al., 2011, Reynolds et al., 2010). Misconceptions related to the cause of climate 
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change, including ozone depletion, and nuclear energy as a cause of global warming exists 
among teachers, and their students (Chi, 2005; Cordero, 2008: Gowda, Fox, & Magelky, 1997). 
The findings of these studies were supported by my research study. Over half of the 
student participants (N=351) rated ozone as a likely or most likely (mean=1.59) cause of climate 
change even after experiencing the curriculum. The teacher participants held similar 
misconception related to ozone and climate change, with all of them rating it as a likely or most 
likely cause of climate change after teaching the curriculum. It is clear this misconception is 
prevalent and persistent even with embedded climate change curriculum aimed at addressing the 
causes of global warming such as CHANGE’s “Ocean Exploration: The Greenhouse Effect.” It 
is not clear how these misconceptions get perpetuated through generations, especially among 
students who were born after the outlaw of CFCs in 1996. Never the less, they continue to be 
present among the populations. Therefore, revisions of curriculum need to be developed to 
address these misconceptions directly. The curriculum needs to be more explicit in 
anthropogenic causes and the process by which that occurs, specifically demonstrating the 
process of combustible fuel contributions to the greenhouse effect while debunking ozone 
depletion as a contributing factor.   
Summary 
In an effort to understand whether the findings of this study were unique to the 
instruction of climate change content, due to its controversial nature and the teachers’ neutral 
objective, further lesson observations were performed. Classroom observations of non-
controversial content were observed and similar finding were found related to the teachers’ 
instruction of the non-controversial content. Their beliefs about effective classroom instruction 
were not upheld during the observations of the non-controversial lessons, similar to the lessons 
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observed for the research study, which were controversial in nature. This suggests, that 
regardless of the contentious nature of climate change, or their desire to remain neutral in their 
instruction, teachers are not employing the types of pedagogical methodologies they elicit as 
being effective ways of teaching science regardless of the presence of controversy.   
This led me to question the teachers’ effectiveness of science instruction, regardless of 
the type of content they were teaching. The teachers were not employing pedagogical methods 
endorsed by science teacher educators and formal preservice teacher preparation programs. It is 
worth noting that none of the teacher participants were trained in a formal science teacher 
education program and only one of them had a background in science prior to their teaching 
careers. This is not uncommon of the marine science teacher population, which they were 
representing or the greater population of science teachers in the state of Florida. Of the 18 
surveys collected prior to the study, none of the marine science teachers indicated they had 
received an undergraduate degree in education, and only four of the participants indicated they 
had received a graduate degree in science teaching education. Sass’ report (2005) found that 
nearly twice as many first-time Florida science teacher certificates were being issued to 
individuals who were trained via an alternative certification program, rather than a formal 
traditional teacher preparation program. There is no question the area of alternative certification 
is growing in the state of Florida, with increased class sizes and growing districts, there is an 
urgent need to fill these positions. However, we need to ask ourselves, if alternative certifications 
programs are really providing future science teachers with the education and training they need 
to be effective classroom teachers, my study suggests not.   
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Learning Outcomes 
Findings from my study suggest that both teachers and students learned climate change 
science through instruction of the CHANGE curriculum materials. Kinghorn’s study (2016) 
suggests gaps in content knowledge can be triggered through in-class experiences leading 
teachers to pursue content knowledge by seeking out additional resources for learning, or 
through instantaneous learning or “Aha moments” when teachers make connections between 
prior knowledge and new information. Findings from this study suggest all of the teachers’ 
knowledge of climate change was increased while teaching the curriculum and the participants 
attributed their participation in the project and subsequent instruction of the curriculum as a way 
in which their understanding of climate change increased. At least one of the participants 
acknowledged the experience prompted her to seek outside information about the topic.  
This study’s findings also support climate change education as a way to increase students 
understanding of climate change science. The teachers indicated inclusion of the curriculum 
provided a place for climate change education within the marine science classroom that was not 
there before and acknowledged the CHANGE curriculum informed their students’ climate 
change content knowledge. Findings from this study also suggest teachers recognize the 
importance of climate change education and echo the call from researchers for inclusion of the 
content into existing secondary science curriculums.  
Conclusion 
Based on the literature reviewed in chapter one and two, it is clear climate change 
education needs to become a part of the formal secondary science classroom. Teachers need a 
place for it within the context of their classroom instruction, and students need to become better 
informed about the causes and implications of climate change.  That said, based on the findings 
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from my study, simply adding climate change to the existing science curriculum is not sufficient. 
Teachers need to be better prepared in their understandings about effective pedagogical practices 
of the content in order to effectively teach a climate-centered curriculum. This can include the 
preparation of preservice teachers in teacher education programs, but more importantly the 
training of in-service teachers through professional development programs and sponsored 
workshops related to climate change education, especially considering the teacher population 
working within the secondary science classrooms are alternatively certified. With a large 
majority of science teachers being trained in alternative certification programs, they are not being 
formally trained or given the opportunity to practice pedagogical methods for teaching 
controversial science issues within practicum or internship. Lastly, the barriers that exist; 
whether manufactured or genuine for inclusion of their personal beliefs need to be removed for 
teachers to assert their own personal beliefs about climate change within their classroom 
instruction. Administrators and stakeholders need to support science teachers’ beliefs about 
climate change, and uphold the efforts of the scientific community, regardless of political 
hierarchy.  
Implications 
The goal of this research was to understand how teachers’ beliefs about climate change 
influence instruction and student outcomes. It became clear through the study those teachers 
were not comfortable sharing their personal beliefs about climate change within the context of 
their instruction of the curriculum.  While teachers cited political pressures as the main reason 
they remain neutral in their instruction the curriculum, future research including retrospective 
interviews of the teachers would help to provide further insight about what it means to remain 
neutral when teaching climate change, what choices they make in their classroom instruction to 
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achieve neutrality, and how this might be affecting their students. Teachers might not be aware 
their espoused beliefs about effective pedagogy of climate change are not acted on within their 
classroom instruction of the content, therefore retrospective interviews could also be helpful in 
providing insight as to why this is occurring.  
Lastly, future research related to teacher beliefs about climate change should included 
observations of teachers who are not teaching the curriculum for the first time. This would be 
useful in determining if any of the findings from this study are unique to first-time teachers of 
the CHANGE curriculum. This option was not available to me, as the teachers who had taught 
the curriculum multiple times were the alpha teachers, and were excluded as possible participants 
due to potential bias and their ‘insider’ role within the project.  
Limitations 
The findings from this study about the impact of teachers’ beliefs about climate change 
and resulting instruction and student outcomes, were derived from a specific participant 
population of marine science teachers teaching a specific climate-centered curriculum. In an 
order to better understand teachers’ beliefs about climate change, and the way in which they 
inform classroom instruction a larger sample size in needed, specifically for statistical analysis of 
the data collected from the teacher survey and classroom observations. That said, a greater 
number of classroom observations would also be necessary for a more comprehensive 
understanding of classroom practices employed by science teachers teaching the CHANGE 
curriculum. This study was limited to observing only three of the nine units within the 
curriculum, and further limited to observations of only laboratory activities.  Further research 
including observing students’ use of the other materials, including the eBook and computer 
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games, or in-class notes or videos designed by the project would be beneficial to create a broader 
picture of instruction of the curriculum.   
 Some other limitations to mention include the backgrounds of the teacher participants. 
None of the teacher participants were educated via a formal science teacher education program. 
Three of them were alternatively certified, while one of them received a Masters of Arts in 
Teaching degree, it was in the social studies education field. Therefore, it can be argued that 
because the participants were not formally prepared for science teaching, their overall classroom 
instruction of the CHANGE curriculum, and otherwise were not aligned with science teacher 
practices advocated for within the field of science teacher education.  
This was also the teacher participants’ first time teaching the curriculum. Many of them, 
as indicated by the survey had only little or some experience teaching climate change before this 
study. That said, they were also underinformed about the causes of climate change and lacked 
specific knowledge related to the content within the curriculum prior to teaching it. This 
limitation could potentially be addressed through future research studies of teachers who had 
prior experience as mentioned previously. Lastly, the participants of this study were all female, 
which also could have potentially limited the finding. While the participants were a 
representative sample of the marine science teachers in the district, as only a small minority of 
the population were males, including males in future studies would help to alleviate this 
limitation.  
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Appendices  
Appendix A: Informed Consent Form 
 
Informed Consent to Participate in Research  
 
Title: Climate Change Narrative Game Education (CHANGE) 
 
Protocol No.: NSF 11-588  
 WIRB® Protocol #20130844 
 
Sponsor: National Science Foundation 
 
Investigator: Glenn Gordon Smith, Ph.D 
 EDU 105 
 4202 E. Fowler Ave. 
 Tampa, Florida 33620 
 United States 
 
Site(s): College of Education, University of South Florida 
 4202 E. Fowler Ave. 
  Tampa, Florida 33620 
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 United States 
 
 Hillsborough County Public Schools 
 901 E Kennedy Blvd 
  Tampa, Florida 33602 
 United States 
 
STUDY-RELATED 
PHONE NUMBERS: Allan Feldman, Ph.D. 
 813-974-2471 
 
Information to Consider Before Taking Part in this Research Study 
 
IRB Study # Pro00012871 
 
 
Researchers at the University of South Florida (USF) study many topics.  To do this, we need the 
help of people who agree to take part in a research study.  This form tells you about this research 
study. 
 
We are asking you to take part in a research study that is called: Climate Change Narrative Game 
Education (CHANGE) Study. 
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The person who is in charge of this research study is Prof. Glenn Smith.  This person is called 
the Principal Investigator.  However, other research staff, including the sub-Principal 
Investigators Profs. Allan Feldman, Yiping Lou, and Ping Wang may be involved and can act on 
behalf of the person in charge. 
 
The research will be explained to you by Profs. Smith, Feldman, Lou, or Wang. Other research 
personnel who you may be involved with include student research assistants. 
 
The research will be done at your school. 
 
The National Science Foundation is paying for this research. 
 
 
Purpose of the study 
 
The purpose of this study is understand and measure how the implementation of the CHANGE 
curriculum materials affect students’ learning of climate change science; students’ interest in 
climate change science; and your instruction of climate change science. 
 
Study Procedures 
 
If you take part in this study, you will be asked to participate in two interviews, one at the 
beginning of your participation and one at the end.  The interviews will be audio recorded and 
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transcribed.  You have the option not to be recorded; however, the interviewer will take notes 
during the interview.  The audio recordings and transcriptions will be labeled with a code rather 
than your name.  They will be stored in Prof. Smith’s office.  The recordings and transcripts will 
be kept for five years, after which the transcripts will be shredded and all recordings erased.  
Each will take no more than 1 hour of your time.  The interviews will be done in a location 
agreed upon by you and the interviewer.  You will also be asked to complete two surveys.  The 
first will be administered when you first begin to participate in the study.  The second will be at 
the end.  They will take no more than one hour to complete.  In addition to the interviews and 
surveys, the professors and/or their student assistants will participate and observe in your 
classroom activities. 
 
Alternatives 
 
You have the alternative to choose not to participate in the study described above under Purpose 
of the Study. 
 
Benefits 
 
The immediate potential benefit of your participation in this study is that the information 
collected will be used to improve the HCPS Marine Science course. The potential long-term 
benefits are the improvement of teaching and learning of climate change science throughout the 
United States. 
Risks or Discomfort 
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This research is considered to be minimal risk.  That means that the risks associated with this 
study are the same as what you face every day.  There are no known additional risks to those 
who take part in this study.   
 
Compensation 
 
We will not pay you for the time you volunteer while being in this study. 
 
Confidentiality 
 
We must keep your study records as confidential as possible.  You will be assigned a non-
identifying code.  The key that links your name with the code will be kept in a secure spot in a 
locked office separate from the data.  All data, including audio recordings will be identified only 
with the code and will be stored in a locked office.  The recordings and other data will be kept 
for five years, after which the paper copies will be shredded and all electronic files and 
recordings erased. 
 
However, certain people may need to see your study records.  By law, anyone who looks at your 
records must keep them completely confidential.  The only people who will be allowed to see 
these records are: 
 
The research team which includes the Principal Investigator and study staff.  
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All health care and other University of South Florida staff who treat and serve you as part of this 
research 
Research personnel at all sites 
Agents of the University of South Florida 
The University of South Florida Institutional Review Board (IRB) and the staff that work for the 
IRB.  Other individuals who work for USF that provide other kinds of oversight may also need to 
look at your records. 
 
We may publish what we learn from this study.  If we do, we will not let anyone know your 
name.  We will not publish anything else that would let people know who you are.  However, 
due to the small number of participants in this study, it may be possible for someone to deduce 
that you were among the group who participated in this study. 
 
Voluntary Participation / Withdrawal 
 
You should only take part in this study if you want to volunteer.  You should not feel that there is 
any pressure to take part in the study, to please the investigator or the research staff.  You are 
free to participate in this research or withdraw at any time.  There will be no penalty or loss of 
benefits you are entitled to receive if you stop taking part in this study. Your decision to 
participate or not to participate will not affect your status as a HCPS teacher.  
 
Questions, concerns, or complaints 
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If you have any questions about your participation in this study or a research-related injury, or if 
you have questions, concerns or complaints about this study, contact Prof. Allan Feldman, Ph.D. 
at 813-974-2471. 
 
If you have questions about your rights as a participant in this study, general questions, or have 
complaints, concerns or issues you want to discuss with someone outside the research, you may 
contact: 
 
Western Institutional Review Board® (WIRB®) 
3535 Seventh Avenue, SW 
Olympia, Washington 98502 
Telephone:  1-800-562-4789 or 360-252-2500 
E-mail:  Help@wirb.com 
 
WIRB is a group of people who perform independent review of research. 
 
WIRB will not be able to answer some study-specific questions, such as questions about 
appointment times.  However, you may contact WIRB if the research staff cannot be reached or 
if you wish to talk to someone other than the research staff.  
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Consent to Take Part in this Research Study 
 
It is up to you to decide whether you want to take part in this study.  If you want to take part, 
please sign the form, if the following statements are true. 
 
I freely give my consent to take part in this study.  I understand that by signing this form I am 
agreeing to take part in research.  I have received a copy of this form to take with me. 
 
    
Signature of Person Taking Part in Study Date 
 
  
Printed Name of Person Taking Part in Study 
 
Statement of Person Obtaining Informed Consent 
 
I have carefully explained to the person taking part in the study what he or she can expect. 
 
I hereby certify that when this person signs this form, to the best of my knowledge, he or she 
understands: 
• What the study is about. 
• What procedures/interventions/investigational drugs or devices will be used. 
• What the potential benefits might be.  
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• What the known risks might be.   
 
    
Signature of Person Obtaining Informed Consent Date 
 
  
Printed Name of Person Obtaining Informed Consent 
 
 
Appendix B: Assent Text  
Assent text 
 
I’d like to let you know about a chance for you to help me in my research. I am a doctoral 
student at the University of South Florida (USF). I’m trying to find out how our new curriculum 
materials are used in your Marine Science class and what you learn from them.  
 
I’m asking about 40 students who are enrolled in Marine Science to take part in this study. If you 
agree to do this you will be asked to complete a questionnaire at the beginning and middle of the 
school year. This will take less than one class period for each survey. I will be doing 
observations of your classes In addition, I will be collecting data about your end of semester test. 
We will remove your name from all of this data and it will not appear in any part of our research. 
 
I won’t be able to pay you to take the study, but I would appreciate your participation. 
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I hope you’ll join me and help me to improve the way that Marine Science is taught. However, if 
you do not want us to use the data that I collect from you, please let your teacher know. 
Appendix C: IRB CITI Consent 
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Appendix D: CHANGE Teacher Survey 
CHANGE Teacher Survey 
 
 
1. When scientists talk about global climate change, what sort(s) of changes do you think 
they are talking about? 
 
_____________________________________________________________________________
_________________________________________________________________ 
 
2. What is the difference between climate and weather?  
 
_____________________________________________________________________________
_________________________________________________________________ 
Teaching practices related to climate change 
 
3. Circle the amount of time do you spend teaching about climate change in your science 
class?  
 
 Never 1-2 days 3-5 days 5-10 days More than 10 days 
 
4. If you teach about climate change please explain why you do. If not, please explain why 
not.  
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_____________________________________________________________________________
_________________________________________________________________ 
 
5. If you teach about climate change check the box indicating the amount of instruction you 
provide on these climate change topics. 
 
 
None 
Little/ 
Implied 
Some 
Extensive/ 
Explicit 
A. The disruption of the carbon cycle.     
B. Impacts on water resources.     
C. Impacts on local weather patterns.     
D. Impacts on food supplies.     
E. Economic considerations.     
F. Ocean/sea level changes.     
G. Adaptations of species.     
H. Impacts on biodiversity and species distributions.     
I. Prevalence and distribution of diseases.     
J.  Social and political considerations.     
K. Development of the evidence for climate change.      
L. 
Personal action to mitigate effects of climate 
change. 
    
M. Ways humans must adjust their lifestyle.      
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Other topics 
_____________________________________________________________________________
_________________________________________________________________ 
 
6. If you teach about the effects of climate change on the Tampa Bay region, please check 
the box indicating the amount of instruction you provide on these climate change topics . 
 
 
None 
Littl
e 
Some Extensive 
A. 
The effects of the disruption of the carbon cycle on the 
Tampa Bay region. 
    
B. 
Impacts of climate change on water resources in the 
Tampa Bay region. 
    
C. 
Impacts of climate change on local weather patterns in 
the Tampa Bay region. 
    
D. 
Impacts of climate change on food supplies in the Tampa 
Bay region. 
    
E. Economic considerations in the Tampa Bay region.     
F. 
The effects of ocean/sea level changes on the Tampa Bay 
region. 
    
G. 
The adaptations of species in the Tampa Bay region as a 
result of climate change. 
    
H. 
Impacts of climate change on biodiversity and species 
distributions of local Tampa Bay species.  
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I. 
Prevalence and distribution of diseases of humans and 
coastal species in the Tampa Bay region as a result of 
climate change.  
    
J.  
The effects of climate change on social and political 
considerations in the Tampa Bay region. 
    
K. Evidence for climate change in the Tampa Bay region     
L. 
Personal action to mitigate effects of climate change in 
the Tampa Bay region 
    
M. 
Ways humans in the Tampa Bay region must adjust to 
the effects of climate change. 
    
 
7. What other environmental issues do you teach about if any?    
 
_____________________________________________________________________________
_________________________________________________________________ 
 
Beliefs about climate change 
 
8. Place an X in the box indicating the extent to which you agree with one of these 
statements.  
SD – Strongly Disagree;  D – Disagree;  A – Agree;  SA – Strongly Agree 
  SD D A SA 
A. Most scientists accept that climate change is occurring.     
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B. 
A significant amount of data supports that climate change is 
occurring. 
    
C. Climate change science methods are too unsure to be trusted.     
D.  
Climate change science creates scientifically testable predictions 
about the earth’s climate. 
    
E. 
The climate changes we are experiencing are primarily a 
consequence of natural (not manmade) events. 
    
F. 
In order to be valid, climate change science needs to be based on 
controlled experiments.  
    
G. 
Because most of the knowledge of climate change is based on 
modeling, it is not a valid science idea. 
    
 
9. The following is a list of possible causes of global warming. How likely do you think that 
it is a cause? Put a check in the appropriate box. 
Possible cause Most likely 
a cause 
Likely a 
cause 
Unlikely a 
cause 
Not a 
cause 
Driving automobiles     
Ozone depletion     
Burning fossil fuels     
Use of nuclear energy     
Farming and agriculture     
Deforestation     
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10. The following is a list of actions that YOU personally could take that may help prevent global 
warming. Please rank them from most important (1) to least important (8). 
 
Rank Action 
  Reduce use of cars. 
  Recycle. 
  Use more public transportation. 
  Use alternative energy. 
  Plant trees 
  Educate others about what they could do. 
  Take political action. 
  Use less energy. 
 
11. The following is a list of actions that the US government could take that may help 
prevent global warming. Please rank them from most important (1) to least important (8). 
  
Rank Action 
 Require household recycling.  
  Reduce auto emissions. 
  Reduce industry emissions. 
  Educate the public about the problem. 
  Encourage the investment in renewable energy 
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sources. 
  Build more public transportation. 
  Control urban sprawl. 
  Switch from using coal to using natural gas. 
 
12. Place an X in the box indicating how much you are concerned about the following.  
  Not at all Little Some-
what 
Very 
Much 
A. How worried are you about climate change?     
B. How much do you think climate change will harm 
you personally? 
    
C. How much do you think climate change will harm 
future generations of people? 
    
D. How much had you thought about climate change 
before today? 
    
E. How important is the issue of climate change to you 
personally? 
    
 
 
 
Background information 
 
25. Subject(s) you teach (circle all that apply) 
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Biology Chemistry Earth science Environmental 
science  
Marine Science  Physics Physical science AP science course 
 
Other(s) _______________________________ 
 
14. Please circle your type of certification/ 
 
Temporary   Professional   Not certified 
 
26. What is your primary certification area? 
____________________________________ 
 
27. Type of school you teach in (circle all that apply) 
 
Public Charter Rural Suburban  Urban 
 
28. Circle your years of teaching: 
 
0-1 2-5 6-10 11-20 More than 20 
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29. Undergraduate major(s) 
 
____________________________________ 
 
30. Graduate degree(s) and major: 
 
____________________________________ 
 
31. Careers prior to teaching: 
 
____________________________________ 
 
32. Any additional comments? 
 
_____________________________________________________________________________
________ 
 
 
Please answer the following questions to the best of your ability:  
Ocean Exploration 
1) The measurements from tide gauges cannot tell scientists which * of the following? 
A. The exact height of the ocean. 
B. The height of the ocean relative to a local landmark. 
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C. Whether the land near the tide gauge is rising or sinking. 
D. How much ice is melting at the North Pole. 
 
2) Which of the following has the largest effect on sea level rise? 
A. The melting of icebergs. 
B. The melting of ice over the Arctic Ocean. 
C. The melting of mountain glaciers and ice sheets over Greenland and Antarctic. 
D. The rising of the ocean floor because it won’t have the weight of ice to carry. 
 
3) How is the rise in the Earth’s temperature in the past 100 years different from past rises in 
temperature? 
A. People have been able to measure the current rise. 
B. The temperature rise over the past 100 years is more rapid than previous trends. 
C. The temperature rise over the past 100 years is caused mainly by the hole in the ozone 
layer. 
D. The temperature rise over the past 100 years is caused mainly by eruptions of volcanoes. 
 
4) Carbon dioxide in the atmosphere can influence the air temperature near the Earth’s surface. 
Which of the following is correct? 
A. Carbon dioxide in the atmosphere absorbs the energy from the Sun that could 
escape into space and radiates back to the Earth’s surface. 
B. Carbon dioxide in the atmosphere from burning fossil fuels increases the energy from the 
sun. 
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C. Carbon dioxide in the atmosphere partly from burning fossil fuels by humans reflects 
energy from the sun away from the Earth. 
D. Carbon dioxide in the atmosphere from burning fossil fuels allows more energy from the 
sun to enter the Earth’s atmosphere. 
 
Geology  
1) Which accurately describes sea level in the past (125,000 years ago) compared to our current 
sea level? 
A. Much higher (6-8 meters) 
B. Slightly higher (1-2 meters) 
C. About the same 
D. Slightly lower (1-2 meters) 
 
2) Which of the following types of data do geologists use to determine past sea level? 
A. Current extents of ice sheets on Greenland and Antarctic 
B. Location and elevation of certain rocks exposed at the Earth’s surface 
C. Mean sea level measurements obtained from the tide gages 
D. Ice coverage over the Arctic Ocean 
 
3) What is the main difference between sediments at the panhandle beaches (Pensacola, Destin, 
etc.) and that of the sediments of the Florida Keys (Key Largo, Key West, etc.)? 
A. The panhandle beaches contain more quartz grains and less calcium carbonate 
material 
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B. The panhandle beaches are more rocky and have coral rocks 
C. The panhandle beaches contain more shell material than quartz sand(calcium carbonate) 
D. The beaches of the keys contain mostly quartz sand with little to no shell or coral material 
 
4) How high was the sea level at about 20,000 year before present? 
A. The same as today’s level 
B. 5 m above today’s level 
C. 120 m below today’s level 
D. 1000 m below today’s level 
 
Chemistry 
1) Some students heated water in a flask that started with a temperature of 10oC. What 
happened to the volume of the water? 
A. It increased 
B. It decreased 
C. It remained the same 
D. It decreased first then increased 
 
2) What is the relationship between seawater temperature and ocean depth? 
A. The temperature of seawater increases with ocean depth 
B. The temperature of seawater decreases with ocean depth 
C. The temperature of seawater does not change with depth 
D. The temperature of seawater first increases then decreases with depth 
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3) When carbon dioxide is dissolved in the ocean, what happens to the seawater? 
A. The seawater becomes warmer 
B. The seawater becomes cooler 
C. The seawater becomes less salty 
D. The seawater becomes more acidic 
 
4) Many shellfish and corals in the ocean are made of calcium carbonate. What happens to the 
shellfish and coral as more and more carbon dioxide dissolves in the ocean? 
A. The shells will grow thicker and the coral will grow bigger. 
B. Nothing will happen because shellfish and coral live at the bottom of the ocean. 
C. The calcium carbonate will dissolve and the shells and coral will get smaller 
D. The ocean will get warmer and the shellfish and coral will not be able to survive. 
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Appendix E: CHANGE Classroom Observation Protocol 
CHANGE Classroom  
Observation Protocol 
 
Observation Date: ________________________ Time Start: _____________ End: __________ 
School Site: _____________________________ Teacher: ______________________________ 
 
Grade levels (circle all that apply): 9 10 11 12 
 
Number of Students: _____     Number of Females: _____   Number of Males: _____ 
 
Race/Ethnicity of Students: ____________________________________________________ 
 
Course Title: _______________________ Title of CHANGE Unit: ______________________ 
 
Purpose of the Lesson  
Purpose of the lesson according to CHANGE: 
 
According to the teacher, the purpose of this lesson was: 
 
Instructions for remainder of form: 
In this form you are asked to rate each of a number of key indicators in different categories, from 
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1 (not at all) to 5 (to a great extent). You may list any additional indicators you consider 
important in capturing the essence of this lesson and rate these as well. Use your “Ratings of Key 
Indicators” to inform your “Synthesis Ratings”. It is important to indicate in “Supporting 
Evidence for Synthesis Ratings” what factors were most influential in determining your synthesis 
ratings and to give specific examples and/or quotes to illustrate those factors.  
Note that any one lesson is not likely to provide evidence for every single indicator. Use 5, 
“Don’t know” when there is not enough evidence for you to make a judgment. Use 6, “N/A” 
(Not Applicable) when you consider the indicator inappropriate given the purpose and context of 
the lesson.  
 
I: Implementation: Teachers Instruction of the CHANGE curriculum  
A: Ratings of Indicators 
 
 
Not 
at 
all 
Ve
ry 
litt
le 
So
me
wh
at 
To a 
great 
exte
nt 
Don
’t 
kno
w 
N/
A 
1. The stated purpose of the teacher matched the intended 
purpose of lesson as defined by the CHANGE project. 
1 2 3 4 
Do
n’t 
kn
ow 
N
/
A 
2. Instructional strategies exhibited by the teacher were 
consistent with the intended design of the CHANGE 
1 2 3 4 
Do
n’t 
N
/
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curriculum.  kn
ow 
A 
3. Teacher engages students with questions that connect 
climate change to students’ daily lives.  
1 2 3 4 
Do
n’t 
kn
ow 
N
/
A 
4. Teacher connects curriculum to the local, place-based 
approach consistent with the CHANGE curriculum. 
1 2 3 4 
Do
n’t 
kn
ow 
N
/
A 
5. Instruction is focused on the impacts of climate change 
on the built environment.  
1 2 3 4 
Do
n’t 
kn
ow 
N
/
A 
6. Instruction is focused on the impacts of climate change 
on the natural environment. 
1 2 3 4 
Do
n’t 
kn
ow 
N
/
A 
7. Teacher incorporates ideas and concepts from the 
CHANGE IMapBook narrative into the classroom activity.  
1 2 3 4 
Do
n’t 
kn
ow 
N
/
A 
8. Teacher incorporates ideas and concepts from the 1 2 3 4 Do N
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CHANGE computer-based game into the classroom 
activity. 
n’t 
kn
ow 
/
A 
 
B. Synthesis Rating 
 
Implementation of the 
lesson not at all 
reflective of intended 
practice by CHANGE 
Implementation of the 
lesson very little 
reflective of intended 
practice by CHANGE 
Implementation of the 
lesson somewhat 
reflective of intended 
practice by CHANGE 
Implementation of the 
lesson extremely 
reflective of intended 
practice by CHANGE 
1 2 3 4 
 
 
C. Supporting Evidence for Synthesis Rating 
 
Provide a brief description of the nature and quality of this component of the lesson, the rationale 
for your synthesis rating, and the evidence to support that rating. (If available, be sure to include 
examples/quotes to illustrate ratings of teacher questioning) Provide a corresponding number 
from the above rating for which the evidence supports.   
 
 
II. Science Content  
A: Ratings of Indicators 
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Not 
at 
all 
Ve
ry 
littl
e 
So
m
e
w
ha
t 
To a 
great 
exten
t 
Don’
t 
know 
N/A 
1. Significant amount of climate change science content was 
taught, which aligned with the CHANGE curriculum 
materials.   
1 2 3 4 
Do
n’t 
kn
ow 
N/
A 
2. Level of climate change science content taught was 
developmentally appropriate to the level of learners in the 
class.   
1 2 3 4 
Do
n’t 
kn
ow 
N/
A 
3. Teacher provided content information that was accurate 
and aligned with CHANGE curriculum materials.  
1 2 3 4 
Do
n’t 
kn
ow 
N/
A 
4. Teacher displayed an understanding of the climate change 
science concepts.  
1 2 3 4 
Do
n’t 
kn
ow 
N/
A 
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B. Synthesis Rating 
 
5. Students were able to communicate accurately about 
climate change science verbally.    
1 2 3 4 
Do
n’t 
kn
ow 
N/
A 
6. Students were able to communicate accurately about 
climate change science in writing.    
1 2 3 4 
Do
n’t 
kn
ow 
N/
A 
7. Students and teacher engaged in appropriate dialogue about 
the science of climate change related to the causes and 
impacts.  
1 2 3 4 
Do
n’t 
kn
ow 
N/
A 
8. Students were intellectually engaged in the climate change 
science content relevant to the lesson being taught. 
1 2 3 4 
Do
n’t 
kn
ow 
N/
A 
9. Students were able to use information from previous 
CHANGE lessons and activities to develop a better 
understanding of the climate change science content being 
taught.  
1 2 3 4 
Do
n’t 
kn
ow 
N/
A 
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Science content of the 
lesson not at all 
reflective of what is 
intended by 
CHANGE 
Science content of the 
lesson very little 
reflective of what is 
intended by CHANGE 
Science content of the 
lesson somewhat 
reflective of what is 
intended by CHANGE 
Science content of 
the lesson extremely 
reflective of what is 
intended by 
CHANGE 
1 2 3 4 
 
 
C. Supporting Evidence for Synthesis Rating 
 
Provide a brief description of the nature and quality of this component of the lesson, the rationale 
for your synthesis rating, and the evidence to support that rating. (If available, be sure to include 
examples/quotes to illustrate ratings of active participation, and intellectual rigor) Provide a 
corresponding number from the above rating for which the evidence supports. 
 
III.  Impacts of Instruction on Student Understanding and Interest of Climate Change 
Science  
A: Ratings of Indicators 
 
Not 
at all 
Very 
little 
Som
e 
what 
To a 
great 
exten
t 
Don
’t 
kno
w 
N/
A 
1. Students demonstrate understanding of climate change 1 2 3 4 Do N/
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science is enriched by CHANGE activities.    n’t 
kn
ow 
A 
2. Students demonstrate ability to apply skills and concepts 
learned to other disciplines or real-life situations.  
1 2 3 4 
Do
n’t 
kn
ow 
N/
A 
3. Students are able to understand and communicate about the 
causes of climate change.  
1 2 3 4 
Do
n’t 
kn
ow 
N/
A 
4. Students can effectively prioritize factors that contribute to 
climate change. 
1 2 3 4 
Do
n’t 
kn
ow 
N/
A 
5. Students’ interest and engagement in climate change are 
enriched by the CHANGE activities.  
1 2 3 4 
Do
n’t 
kn
ow 
N/
A 
 
B. Synthesis Rating 
 
The lesson had no The lesson had very The lesson had some The lesson had a large 
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impact on students’ 
understanding or 
interest of climate 
change. 
little impact on 
students’ 
understanding or 
interest of climate 
change. 
impact on students’ 
understanding or 
interest of climate 
change. 
impact on students’ 
understanding or 
interest of climate 
change. 
1 2 3 4 
 
 
C. Supporting Evidence for Synthesis Rating 
 
Provide a brief description of the nature and quality of this component of the lesson, the rationale 
for your synthesis rating, and the evidence to support that rating. (If available, be sure to include 
examples/ quotes to illustrate ratings of active participation) Provide a corresponding number 
from the above rating for which the evidence supports.   
 
IV.  Impacts of Instruction on Students’ Understanding of How Their Actions Relate to 
Climate Change 
A: Ratings of Indicators 
 
Not 
at all 
Very 
little 
Som
e 
what 
To a 
great 
exten
t 
Don
’t 
kno
w 
N/
A 
1. Students make connection between their daily decisions and 1 2 3 4 Do N/
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actions and climate change.   n’t 
kn
ow 
A 
2. Students are able to prioritize personal actions that help 
mitigate climate change.  
1 2 3 4 
Do
n’t 
kn
ow 
N/
A 
3. Students are able to communicate how these actions will 
mitigate climate change.  
1 2 3 4 
Do
n’t 
kn
ow 
N/
A 
4. Students are able to relate their actions to global climate 
change.  
1 2 3 4 
Do
n’t 
kn
ow 
N/
A 
 
B. Synthesis Rating 
 
Lesson had no effect 
on students’ 
understanding of how 
their actions relate to 
climate change. 
Lesson had little 
effect on students’ 
understanding of how 
their actions relate to 
climate change. 
Lesson had some 
effect on students’ 
understanding of how 
their actions relate to 
climate change. 
Lesson had a large 
effect on students’ 
understanding of how 
their actions relate to 
climate change. 
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1 2 3 4 
 
 
C. Supporting Evidence for Synthesis Rating 
 
Provide a brief description of the nature and quality of this component of the lesson, the rationale 
for your synthesis rating, and the evidence to support that rating. (If available, be sure to include 
examples/ quotes to illustrate ratings of active participation) Provide a corresponding number 
from the above rating for which the evidence supports.   
 
V. Narrative 
In 1–2 pages, describe what happened in this lesson, including enough rich detail that readers 
have a sense of having been there. Include: 
• Where did this lesson fit in with the overall unit; 
• The focus of this lesson; 
• Instructional materials used, if any; 
• A synopsis of the structure/flow of the lesson; 
• Nature and quality of lesson activities, including lecture, class discussion, problem-
solving/investigation, seatwork; 
• Roles of the teacher and students in the intellectual work of the lesson (e.g., providing 
problems or questions, proposing conjectures or hypotheses; developing/applying 
strategies or procedures; and drawing, challenging, or verifying conclusions); 
• An overall rating of the quality of the lesson, highlighting the likely impact on students’ 
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understanding of climate change science; 
This narrative should stand on its own. Do not be concerned if you repeat information you have 
already provided elsewhere, e.g., in your supporting evidence for your synthesis ratings (e.g., 
implementation). 
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Appendix F: CHANGE  
1. What are your beliefs about climate change? [Probe for teachers’ definition of climate change, 
beliefs about causes of CC, is it real? Is it anthropogenic? What actions can be taken in response 
to CC? What effects does CC have on the natural environment? What effects does CC have on 
the built environment? What effects does/will CC have on you?] 
 
2. What experiences have helped shape your beliefs about climate change? 
 
3. Do you think personal beliefs are important when teaching controversial issues in science? 
 
4. Do you feel your personal beliefs about climate change impact your instruction? Why or why 
not? 
 
5. How are your personal beliefs about climate change reflected in your instructions? In what 
ways? Can you give me an example? 
 
6. Do you intentionally emphasize your personal beliefs about climate change in your 
instruction? Why or why not? Can you give me an example? 
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Appendix G: CHANGE Student Survey  
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Appendix H: Marine Science Midterm Exam 
 
Marine Science Mid-Term Exam Climate Change Questions 2015-16 
Actual Questions were removed for confidentiality .   
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Appendix I: Classroom Observations 
Walters 
 
Results from Implementation of Observation Protocol  
Instruction  
Green
house 
Sea 
Level 
Geolog
y 
1. The stated purpose of the teacher matched the intended purpose of 
lesson as defined by the CHANGE project. 
3 3 3 
2. Instructional strategies exhibited by the teacher were consistent 
with the intended design of the CHANGE curriculum.  
3 3 3 
3. Teacher engages students with questions that connect climate 
change to students’ daily lives.  
3 2 2 
4. Teacher connects curriculum to the local, place-based approach 
consistent with the CHANGE curriculum. 
1 2 2 
5. Instruction is focused on the impacts of climate change on the built 
environment.  
1 2 1 
6. Instruction is focused on the impacts of climate change on the 
natural environment. 
2 2 1 
7. Teacher incorporates ideas and concepts from the CHANGE 
IMapBook narrative into the classroom activity.  
1 1 1 
8. Teacher incorporates ideas and concepts from the CHANGE 
computer-based game into the classroom activity. 
1 1 1 
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Results of Science Content Observation Protocol 
Greenhouse: Implementation 
of the lesson very little 
reflective of intended 
practice by CHANGE 
Sea Level: Implementation of 
the lesson very little reflective 
of intended practice by 
CHANGE 
Geology: Implementation of 
the lesson very little reflective 
of intended practice by 
CHANGE 
2 2 2 
Science Content  
Greenho
use  
Sea 
Level  
Geolog
y 
1. Significant amount of climate change science content was taught, 
which aligned with the CHANGE curriculum materials.   
4 2 3 
2. Level of climate change science content taught was 
developmentally appropriate to the level of learners in the class.   
4 2 2 
3. Teacher provided content information that was accurate and 
aligned with CHANGE curriculum materials.  
4 3 3 
4. Teacher displayed an understanding of the climate change science 
concepts.  
3 3 2 
5. Students were able to communicate accurately about climate 
change science verbally.    
3 1 1 
6. Students were able to communicate accurately about climate 
change science in writing.    
3 1 2 
7. Students and teacher engaged in appropriate dialogue about the 3 1 1 
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Greenhouse: Science content of 
the lesson somewhat reflective 
of what is intended by 
CHANGE 
Sea Level: Science content of 
the lesson very little reflective 
of what is intended by 
CHANGE 
Geology: 
Science content of the lesson 
very little reflective of what 
is intended by CHANGE 
3 2 2 
 
Bradley 
Results from Implementation of Observation Protocol  
Instruction  
Gree
nhou
se 
Sea 
Lev
el 
Geo
log
y 
Therm
al 
Expans
ion 
1. The stated purpose of the teacher matched the intended 
purpose of lesson as defined by the CHANGE project. 
4 3 3 2 
science of climate change related to the causes and impacts.  
8. Students were intellectually engaged in the climate change science 
content relevant to the lesson being taught. 
3 2 1 
9. Students were able to use information from previous CHANGE 
lessons and activities to develop a better understanding of the 
climate change science content being taught.  
2 3 1 
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2. Instructional strategies exhibited by the teacher were 
consistent with the intended design of the CHANGE curriculum.  
3 3 3 2 
3. Teacher engages students with questions that connect climate 
change to students’ daily lives.  
3 3 2 2 
4. Teacher connects curriculum to the local, place-based 
approach consistent with the CHANGE curriculum. 
3 3 1 1 
5. Instruction is focused on the impacts of climate change on the 
built environment.  
3 2 1 1 
6. Instruction is focused on the impacts of climate change on the 
natural environment. 
3 2 1 1 
7. Teacher incorporates ideas and concepts from the CHANGE 
IMapBook narrative into the classroom activity.  
1 2 1 1 
8. Teacher incorporates ideas and concepts from the CHANGE 
computer-based game into the classroom activity. 
1 2 1 1 
 
 
Greenhouse: 
Implementation of 
the somewhat 
reflective of 
intended practice by 
CHANGE 
Sea Level: 
Implementation of the 
lesson very little 
reflective of intended 
practice by CHANGE 
Geology: 
Implementation of 
the lesson very little 
reflective of intended 
practice by CHANGE 
Thermal Expansion: 
Implementation of 
the lesson very little 
reflective of 
intended practice by 
CHANGE 
2 3 2 2 
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Science Content  
Green
house 
Sea 
Lev
el 
Ge
olo
gy 
Ther
mal 
Exp
ansi
on 
1. Significant amount of climate change science content was taught, 
which aligned with the CHANGE curriculum materials.   
4 2 2 2 
2. Level of climate change science content taught was 
developmentally appropriate to the level of learners in the class.   
3 2 3 2 
3. Teacher provided content information that was accurate and 
aligned with CHANGE curriculum materials.  
3 2 4 2 
4. Teacher displayed an understanding of the climate change science 
concepts.  
3 3 1 3 
5. Students were able to communicate accurately about climate 
change science verbally.    
2 1 1 1 
6. Students were able to communicate accurately about climate 
change science in writing.    
2 1 1 1 
7. Students and teacher engaged in appropriate dialogue about the 
science of climate change related to the causes and impacts.  
3 2 1 1 
8. Students were intellectually engaged in the climate change science 
content relevant to the lesson being taught. 
3 2 1 1 
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Results of Science Content Observation Protocol 
 
Greenhouse: Science 
content of the lesson 
very little reflective of 
what is intended by 
CHANGE 
Sea Level: Science 
content of the lesson 
very little reflective 
of what is intended 
by CHANGE 
Geology: Science 
content of the lesson 
very little reflective 
of what is intended 
by CHANGE 
Thermal Expansion: 
Science content of the 
lesson very little 
reflective of what is 
intended by CHANGE 
3 2 2 2 
 
Roe 
Results from Implementation of Observation Protocol  
Instruction  
Green
house 
Sea 
Level 
Geolo
gy 
1. The stated purpose of the teacher matched the intended purpose of 
lesson as defined by the CHANGE project. 
4 3 3 
2. Instructional strategies exhibited by the teacher were consistent 
with the intended design of the CHANGE curriculum.  
4 3 3 
3. Teacher engages students with questions that connect climate 
change to students’ daily lives.  
3 3 2 
9. Students were able to use information from previous CHANGE 
lessons and activities to develop a better understanding of the 
climate change science content being taught.  
1 2 3 1 
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4. Teacher connects curriculum to the local, place-based approach 
consistent with the CHANGE curriculum. 
3 3 2 
5. Instruction is focused on the impacts of climate change on the 
built environment.  
2 2 1 
6. Instruction is focused on the impacts of climate change on the 
natural environment. 
2 2 1 
7. Teacher incorporates ideas and concepts from the CHANGE 
IMapBook narrative into the classroom activity.  
1 1 1 
8. Teacher incorporates ideas and concepts from the CHANGE 
computer-based game into the classroom activity. 
1 1 1 
 
Greenhouse: 
Implementation of the 
lesson somewhat 
reflective of intended 
practice by CHANGE 
Sea Level: Implementation of 
the lesson very little reflective 
of intended practice by 
CHANGE 
Geology: Implementation of the 
lesson very little reflective of 
intended practice by CHANGE 
3 2 3 
 
Science Content 
Green
house 
Sea 
Level  
Geol
ogy 
1. Significant amount of climate change science content was taught, 
which aligned with the CHANGE curriculum materials.   
4 3 2 
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Results of Science Content Observation Protocol 
 
Greenhouse: Science 
content of the lesson 
somewhat reflective of what 
is intended by CHANGE 
Sea Level: Science content of 
the lesson somewhat reflective 
of what is intended by 
CHANGE 
Geology: Science content of 
the lesson very little 
reflective of what is intended 
by CHANGE 
2. Level of climate change science content taught was developmentally 
appropriate to the level of learners in the class.   
4 3 2 
3. Teacher provided content information that was accurate and aligned 
with CHANGE curriculum materials.  
3 3 2 
4. Teacher displayed an understanding of the climate change science 
concepts.  
3 3 3 
5. Students were able to communicate accurately about climate change 
science verbally.    
2 2 1 
6. Students were able to communicate accurately about climate change 
science in writing.    
2 2 1 
7. Students and teacher engaged in appropriate dialogue about the 
science of climate change related to the causes and impacts.  
2 2 1 
8. Students were intellectually engaged in the climate change science 
content relevant to the lesson being taught. 
2 2 1 
9. Students were able to use information from previous CHANGE 
lessons and activities to develop a better understanding of the climate 
change science content being taught.  
2 2 1 
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3 3 2 
  
Gary 
 Results from Implementation of Observation Protocol  
Instruction  
Green
house 
Sea 
Level 
Geolo
gy 
1. The stated purpose of the teacher matched the intended purpose of 
lesson as defined by the CHANGE project. 
3 3 3 
2. Instructional strategies exhibited by the teacher were consistent 
with the intended design of the CHANGE curriculum.  
3 3 3 
3. Teacher engages students with questions that connect climate 
change to students’ daily lives.  
2 2 3 
4. Teacher connects curriculum to the local, place-based approach 
consistent with the CHANGE curriculum. 
2 2 2 
5. Instruction is focused on the impacts of climate change on the 
built environment.  
2 2 2 
6. Instruction is focused on the impacts of climate change on the 
natural environment. 
2 2 1 
7. Teacher incorporates ideas and concepts from the CHANGE 
IMapBook narrative into the classroom activity.  
2 2 1 
8. Teacher incorporates ideas and concepts from the CHANGE 
computer-based game into the classroom activity. 
1 2 1 
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Greenhouse: 
Implementation of the 
lesson somewhat reflective 
of intended practice by 
CHANGE 
Sea Level: Implementation of 
the lesson somewhat reflective 
of intended practice by 
CHANGE 
Geology: 
Implementation of the lesson 
very little reflective of 
intended practice by 
CHANGE 
3 3 2 
 
Results of Science Content Observation Protocol 
 
Science Content 
Green
house 
Sea 
Level 
Geol
ogy 
1. Significant amount of climate change science content was taught, 
which aligned with the CHANGE curriculum materials.   
2 3 3 
2. Level of climate change science content taught was developmentally 
appropriate to the level of learners in the class.   
1 3 3 
3. Teacher provided content information that was accurate and aligned 
with CHANGE curriculum materials.  
3 3 3 
4. Teacher displayed an understanding of the climate change science 
concepts.  
3 2 3 
5. Students were able to communicate accurately about climate change 
science verbally.    
1 2 2 
6. Students were able to communicate accurately about climate change 
science in writing.    
1 2 2 
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Greenhouse: Science 
content of the lesson 
very little reflective of 
what is intended by 
CHANGE 
Sea Level: Science content of the 
lesson somewhat reflective of what 
is intended by CHANGE 
Geology: Science content of the 
lesson somewhat reflective of 
what is intended by CHANGE 
2 3 3 
 
 
Appendix J: Student Data Analysis 
Teacher (Initial) v Student (Midterm) Understanding  0.727 
Teacher (Final) v Student  (Midterm) Understanding  0.305 
Teachers Instruction v Student Midterm -0.353 
Initial Teacher Beliefs v Student Midterm  0.061 
Final Teacher Beliefs v Student Midterm  -0.174 
7. Students and teacher engaged in appropriate dialogue about the 
science of climate change related to the causes and impacts.  
1 2 2 
8. Students were intellectually engaged in the climate change science 
content relevant to the lesson being taught. 
3 2 2 
9. Students were able to use information from previous CHANGE 
lessons and activities to develop a better understanding of the climate 
change science content being taught.  
2 1 2 
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Multiple Comparisons 
Dependent Variable:  Midterm  
Tukey HSD  
(I) Teacher (J) Teacher 
Mean 
Difference (I-
J) Std. Error Sig. 
95% Confidence Interval 
Lower Bound Upper Bound 
1.00 2.00 4.82877 2.61245 .253 -1.9178 11.5753 
3.00 -4.78961 2.71306 .292 -11.7960 2.2168 
4.00 13.16250* 2.50198 .000 6.7013 19.6237 
2.00 1.00 -4.82877 2.61245 .253 -11.5753 1.9178 
3.00 -9.61838* 2.62228 .002 -16.3903 -2.8465 
4.00 8.33373* 2.40324 .003 2.1275 14.5400 
3.00 1.00 4.78961 2.71306 .292 -2.2168 11.7960 
2.00 9.61838* 2.62228 .002 2.8465 16.3903 
4.00 17.95211* 2.51224 .000 11.4644 24.4399 
4.00 1.00 -13.16250* 2.50198 .000 -19.6237 -6.7013 
2.00 -8.33373* 2.40324 .003 -14.5400 -2.1275 
3.00 -17.95211* 2.51224 .000 -24.4399 -11.4644 
*. The mean difference is significant at the 0.05 level.  
**Teacher 1=Mrs. Walters; Teacher 2= Mrs. Bradley; Teacher 3=Mrs. Roe; Teacher 
4=Mrs. Gary.  
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Walters Initial v Student Personal Actions 
  
 
Walters Final v Student Personal Actions 
 
 Mean 
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Mean 
Rank 
Action 
3.74 Reduce use of cars. 
3.45 Recycle. 
4.97 Use more public transportation. 
4.03 Use alternative energy. 
4.52 Plant trees 
4.31 Educate others about what they could do. 
5.63 Take political action. 
5.34 Use less energy. 
 
Bradley Initial v Student Personal Actions 
 
 
Bradley Final v Student Personal Actions 
 
Means 
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Mean 
Rank 
Action 
3.58 Reduce use of cars. 
3.38 Recycle. 
5.75 Use more public transportation. 
4.5 Use alternative energy. 
4.12 Plant trees 
4.17 Educate others about what they could do. 
6.08 Take political action. 
4.42 Use less energy. 
 
Roe Initial v Students Personal Action  
 
Roe Final v Students Personal Action  
 
Means 
Mean Action 
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Rank 
3.7 Reduce use of cars. 
3.33 Recycle. 
5.5 Use more public transportation. 
4.11 Use alternative energy. 
4.54 Plant trees 
4.23 Educate others about what they could do. 
5.92 Take political action. 
4.67 Use less energy. 
 
Gary Initial v Student Personal Action
 
Gary Final v Student Personal Action 
  
 
Means 
Mean Action 
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Rank 
3.68 Reduce use of cars. 
3.01 Recycle. 
5.65 Use more public transportation. 
3.76 Use alternative energy. 
4.14 Plant trees 
4.95 Educate others about what they could do. 
6.28 Take political action. 
4.52 Use less energy. 
 
Walters Initial v Student Ranked Causes of GC
 
 
Walters Final v Student Ranked Causes of GCC 
 
Means 
Possible cause  Mean (1-MostLikely – 4 Not at all) 
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Driving automobiles 1.67 
Ozone depletion 1.59 
Burning fossil fuels 1.47 
Use of nuclear energy 1.78 
Farming and agriculture 2.57 
Deforestation 1.84 
 
Bradley Initial v Student Causes of GCC 
 
 
Bradley Final v Student Causes of GCC
 
Possible cause  Mean (1-MostLikely – 4 Not at all) 
Driving automobiles 1.38 
Ozone depletion 1.58 
Burning fossil fuels 1.49 
Use of nuclear energy 1.77 
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Farming and agriculture 2.5 
Deforestation 1.6 
 
Roe Initial v Student Causes 
 
Roe Final v Student Causes  
 
 
Means 
Possible cause  Mean (1-MostLikely – 4 Not at all) 
Driving automobiles 1.3 
Ozone depletion 1.39 
Burning fossil fuels 1.2 
Use of nuclear energy 1.8 
Farming and agriculture 2.47 
Deforestation 1.59 
 
Gary Initial v Student Causes 
	 	 239	
 
 
Gary Final v Student Causes 
 
Means  
Possible cause  Mean (1-MostLikely – 4 Not at all) 
Driving automobiles 1.35 
Ozone depletion 1.32 
Burning fossil fuels 1.28 
Use of nuclear energy 1.71 
Farming and agriculture 2.54 
Deforestation 1.75 
 
Walters Initial v Student Concern 
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Walters Final v Student Concern  
 
Mean 
 1 not at all – 4 Very much 
How worried are you about climate change? 2.69 
How much do you think climate change will harm you personally? 2.69 
How much do you think climate change will harm future generations 
of people? 3.27 
How much had you thought about climate change before today? 2.53 
How important is the issue of climate change to you personally? 2.69 
 
Bradley Initial v Student Concern 
 
Bradley Final v Student Concern 
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Mean 
 1 not at all – 4 Very much 
How worried are you about climate change? 2.85 
How much do you think climate change will harm you personally? 3.02 
How much do you think climate change will harm future generations 
of people? 3.4 
How much had you thought about climate change before today? 2.42 
How important is the issue of climate change to you personally? 2.85 
 
Roe Initial v Student Concern 
 
Roe Final v Student Concern 
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Mean  
 1 not at all – 4 Very much 
How worried are you about climate change? 2.97 
How much do you think climate change will harm 
you personally? 2.97 
How much do you think climate change will harm 
future generations of people? 3.66 
How much had you thought about climate change 
before today? 2.75 
How important is the issue of climate change to 
you personally? 2.99 
 
 
Gary Initial v Student Concerns  
 
Gary Final v Student Concerns  
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Mean  
 1 not at all – 4 Very much 
How worried are you about climate change? 2.79 
How much do you think climate change will harm you personally? 2.71 
How much do you think climate change will harm future generations 
of people? 3.48 
How much had you thought about climate change before today? 2.39 
How important is the issue of climate change to you personally? 2.84 
 
Walters Initial v Student Government Actions 
 
Walters Final v Student Government Action
 
Mean 
Mean 
Rank 
Action 
3.32 Reduce auto emissions. 
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3.46 Reduce industry emissions. 
2.99 Educate the public about the problem. 
3.25  Encourage the investment in renewable energy sources. 
4.51 Build more public transportation. 
5.66 Control urban sprawl. 
4.82 Switch from using coal to using natural gas. 
 
Bradley Initial v Student Governmental Actions 
 
 
Bradley Final v Student Governmental Actions 
 
 
Mean 
Mean 
Rank 
Action 
2.75 Reduce auto emissions. 
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3.06 Reduce industry emissions. 
3.06 Educate the public about the problem. 
3.27  Encourage the investment in renewable energy sources. 
5.25 Build more public transportation. 
6.12 Control urban sprawl. 
4.5 Switch from using coal to using natural gas. 
Roe Initial v Students Government Action  
 
Roe Final v Students Government Action  
 
Mean  
Mean 
Rank 
Action 
2.99 Reduce auto emissions. 
3.07 Reduce industry emissions. 
3.08 Educate the public about the problem. 
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3.28  Encourage the investment in renewable energy sources. 
5.34 Build more public transportation. 
5.77 Control urban sprawl. 
4.48 Switch from using coal to using natural gas. 
 
Gary Initial v Student Government Actions 
 
 
Gary Final v Student Government Actions 
 
Mean 
Mean 
Rank 
Action 
2.41 Reduce auto emissions. 
2.92 Reduce industry emissions. 
3.67 Educate the public about the problem. 
3.42  Encourage the investment in renewable energy sources. 
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5.19 Build more public transportation. 
5.75 Control urban sprawl. 
4.64 Switch from using coal to using natural gas. 
 
 
How likely do you think humans have caused climate change 4- most likely 1 not at all 
  
 
Difference in means for pre ranking for “The following is a list of possible causes of global 
warming. How likely do you think that it is 1 most likely to 4 not at all 
- A. Driving automobiles 
 B. Ozone depletion 
 C. Burning fossil fuels 
D. Use of nuclear energy 
 E. Farming and agriculture 
 F. Deforestation 
 
Walters rankings were the only that were significantly different from the pre rankings mean- 
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 Pre ranking the top three rankings were 1fossil fuels 2 driving and 3 ozone Mrs. Walters 
Was 1. Fossil fuels 2. Ozone 3 driving  
 
 
 
No significant differences in ranking 1-8 pre versus post survey data for the personal actions to 
be taken  
 
 
No significant differences in ranking 1-8 pre versus post survey data for the government actions 
to be taken  
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Concern for climate change 1- not at all to 4 - very much Mrs. Bradley and Mrs. Roe’s students 
had greater levels of concern for climate change after experiencing the curriculum  
 
 
 
Difference in means between student groups for causes of GCC 
 
Walters vs Bradley 
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Walters vs Roe 
 
 
Walters vs Green= Significant 
 
 
Bradley vs Roe  
 
 
Bradley vs Green 
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Roe vs Green 
 
 
Difference in means between student groups for concern for GCC 
 
Walters vs Bradley 
 
 
Walters vs Roe 
 
Walters vs Green 
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Bradley vs Roe  
 
 
 
Bradley vs Green 
 
 
Roe vs Green 
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Appendix K: Code Book 
Theme: Code Occurrence Definition Exemplar 
Anthropogenic: 
Human/we/me/us (used in 
context of causing climate 
change) 
21 Participants 
identified humans 
as a cause of 
climate change.  
“I definitely believe 
climate change is a real 
issue that we have 
exacerbated it with our 
emissions…” 
Importance of issue: 
important/serious/ 
happening/now 
 
 
24 Participants 
recognized the 
importance of CC 
education.   
“I think (climate change) 
is important for all of us 
to live here and to protect 
our world and be able to 
sustain it for the future.” 
Neutral: nonbiased/both sides 
Controversy/politics 
 
 
17 Participants 
admitted to 
remaining neutral 
or nonbiased in 
their instruction 
of the curriculum 
due to the 
controversy or 
political nature of 
the topic.  
“I remain neutral so my 
students never or rarely 
know my real thoughts or 
beliefs because that is not 
the point…I think 
teachers feel like (climate 
change) has become a 
political topic. Given our 
state of politics right now 
I think staying neutral is a 
safe zone for many.” 
Student decisions: 
discussion/argument/reach their 
own 
 
12 The topic/content 
engaged students 
in discussion or 
argumentation.  
“Presenting students with 
scientific data and 
allowing them to reach 
their own conclusions 
(about climate change) 
through discussions” 
Concern: worry/future/children 
 
 
22 Participants 
expressed 
concern for the 
impact of climate 
change.  
“Like my offspring…I 
want to make sure he and 
his kids and their kids are 
OK for generations.” 
Teacher Learn GCC: pay 
attention/learn/study 
/outside source 
 
11 Participants 
learned CC 
through 
instruction of the 
curriculum.   
“In the beginning and I 
had not paid much 
attention to it as I do now 
because it is something 
that I teach, and I was 
telling the students I 
notice that when I listen 
to the news I hear climate 
change climate.” 
Student Learn GCC: through 
curriculum 
 
 
10 The curriculum 
increased 
students’ 
understandings of 
CC.  
“The way it was initially 
presented to them it was 
an attractive offer to them 
so it pulled them in, so 
once they were drawn in 
they became curious 
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enough to start having the 
discussion in the 
classroom.” 
Suggestion for change: 
improvement/change 
 
 
9 Participant made 
a suggestion to 
improve the 
curriculum.  
“With respect to the 
instruction with the labs, 
catch 22 we want them to 
have inquiry and not so 
highly guided, and the 
materials were great, but 
to be more accessible  
High school labs need to 
be more laid out.” 
 
  
